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(54) Toner, two-component developer, image forming method and apparatus unit 



(57) A toner is comprised of toner particles contain- 
ing at least a binder resin and a colorant, and an external 
additive fine powder. The toner particles have a specific 
circularity distribution and a specific particle size distri- 
bution. The external additive fine powder has an inor- 



ganic fine powder having as primary particles a specific 
number-average particle length, and a non-spherical in- 
organic fine powder formed by coalescence of particles 
and having a specific shape factor and a specific 
number-average particle length. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a toner used in recording processes utilizing electrophotography, electrostatic re- 
cording, magnetic recording or toner-jet recording. More particularly, this invention relates to a toner used in copying 
machines, printers and facsimile machines in which a toner image is formed previously on an electrostatic latent image 
bearing member and thereafter the toner image is transferred to a transfer medium to form an image, and also relates 
to a two-component developer, an image forming method and an apparatus unit which make use of the toner. 

Related Background Art 

[0002] Image forming apparatus are well known conventionally in which an electrostatic latent image is formed on 
a photosensitive member (drum) by means of an exposure optical system, the electrostatic latent image formed is 
developed by a developing apparatus to form a toner image and the toner image formed is transferred to recording 
paper and then fixed thereto. y 

[0003] Developers used in such a developing apparatus include a one-component developer and a two-component 
developer. In the one-component developer, loner particles are charged electrostatically by friction between toner 
particles one another or friction with a suitable charging member, and the toner particles thus charged are carried by 
a developing sleeve of Ihe developing apparatus and then come to adhere to latent image areas on the surface of the 
photosensitive member to form a toner image. 

[0004] Now, in the formation of such a toner image, especially in the case of the one-component developer a lowering 
of fluidity of the developer because of, e.g., leaving a developing assembly to stand for a long period of time may result 
in a strong adhesion between toner particles to make it impossible to effect satisfactoiy charging of the toner particles 
so that what is called "uneven images" or "dimmed images" occurs, which is a phenomenon such that visible images 
are formed non-un.formly even though latent images are uniform. As a method for preventing it, conventionally put into 
wide use is a method of agitating the developer previously in the developing apparatus to impart fluidity thereto 
[0005] However, any excessive agitation of the developer may accelerate toner deterioration, which has been a 
cause of short service life of developers. 

[0006] The two-component developer is constituted of magnetic carrier particles and non-magnetic toner particles 
made of a synthetic resin, blended in an appropriate blend ratio. The toner particles are charged electrostatically upon 
mixing with the carrier particles, and the toner particles thus charged are carried by a developing sleeve of the devel- 
oping apparatus and then come to adhere to latent image areas on the surface of the photosensitive member to form 
a toner image. As a developing method making use of such a two-component developer, what is called magnetic-brush 
development is disclosed in, e.g., Japanese Patent Applications Laid-Open No. 55-32060 and No 59-165082 in which 
a magnetic brush is formed on the surface of a developing sleeve provided internally with a magnet by the use of a 
two-component developer comprised of carrier particles and toner particles, the magnetic brush thus formed is rubbed 
against, or brought close to, a photosensitive drum opposed to the developing sleeve while keeping a minute devel- 
opment gap between them, and an alternating electric field is applied continuously across the developing sleeve and 
the photosensitive drum (between S-D) to cause the toner particles repeatedly to transit from the developing sleeve 
side to the photosensitive drum side and vice versa, to carry out development. 

[0007] In such magnetic brush development making use of a two-component developer, the toner particles are 
charged tr.boelectr.cally by mixing them with carrier particles. Since the carrier particles have a higher specific gravity 
than the toner particles, the toner particles undergo a high mechanical strain because of their friction with the carrier 
particles when mixed, so that the deterioration of toner tends to accelerale with the progress of development operated 
repeatedly. r 

[0008] Once such deterioration of toner has occurred, it may cause concretely such phenomena that the density of 
fixed images changes as a result of long-term service, that the toner particles adhere partly to non-image areas to 
cause what is called "fog" and that minute-image reproducibility becomes poor. 

[0009] As a result of extensive studies, the present inventors have elucidated that the above toner deterioration has 
relation to the following three phenomena. 

[0010] The first phenomenon is break of toner particles into fine particles. 

[0011] When toners whose particles have a rugged shape and are individually different in shape, as typified by 
pulverization toners commonly used, are agitated in the developing apparatus over a long period of time it has been 
revealed that the toner particles break especially at their convexes to become fine particles as a result of collision of 
the toner particles against a developer carrying member or against toner particles one another. 
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[0012] The second phenomenon is that particles of an external additive become buried in toner particle surfaces 
("surfaces" used in this context are herein meant to be outermost layer portions). 

[001 3] When the toners whose particles have a rugged shape and are individually different in shape as in pulverization 
toners are used, fine particles used as external additive particles stand buried in the surfaces of toner particles at their 
5 convexes, whereas the external additive particles have been found not to be buried at their concaves. Meanwhile, 
when toner particles having spherical particle shapes as typified by polymerization toners are used, it has been revealed 
that the toner particles neither break nor become fine particles but fine particles added as an external additive stand 
buried uniformly in the surfaces of toner particles. 

[0014] The third phenomenon is that toner particles become non-uniform in charging performance. 
10 [0015] In use of conventionally known commonly available toner particles, measurement of their charge distribution 
has revealed that the charge distribution becomes broad when toner particles are agitated in the developing apparatus 
over a long period of time, compared with that before agitation. 

SUMMARY OF THE INVENTION 

15 

[0016] An object of the present invention is to solve the above problems. 

[0017] Another object of the present invention is to provide a toner that can form fog-free images, having superior 
image-density stability and minute-image reproducibility without causing deterioration of toner even in its long-term 
service; and a two-component developer, an image forming method and an apparatus unit which make use of such a 
20 toner. 

[0018] To achieve the above objects, the present invention provides a toner comprising toner particles containing at 
least a binder resin and a colorant, and an external additive fine powder, wherein; 

in circularity distribution of particles and in particle size distribution on the basis of circle-corresponding diameter, 
25 measured with a flow type particle image analyzer, the toner has an average circularity of from 0.950 to 0.995, 

and contains particles with circle-corresponding diameters of from 0.60 urn to less than 2.00 jam, having a maximum 
value X in the region of circle-corresponding diameters of from 3.0 pm to 9.0 pm and having a maximum value Y 
in the region of circle-corresponding diameters of from 0.60 pm to 2.00 jam, in an amount of from 8.0% by number 
to 30 0% by number; and 

30 the external additive fine powder has, on the toner particles, at least an inorganic fine powder (A) having as primary 

particles a number-average particle length of from 1 mpm to 30 mpm and a non-spherical inorganic fine powder 
(B) formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 1 50 and a number- 
average particle length of from 30 mpm to 600 mpm. 

35 [0019] The present invention also provides a two-component developer comprising (I) a toner having at least toner 
particles containing at least a binder resin and a colorant, and an external additive fine powder, and (I I) a carrier, wherein; 

in circularity distribution of particles and in particle size distribution on the basis of circle-corresponding diameter, 
measured with a flow type particle image analyzer, the toner has an average circularity of from 0.950 to 0 995, 
40 and contains particles with circle-corresponding diameters of from 0.60 pm to less than 2.00 jam, having a maximum 

value X in the region of circle-corresponding diameters of from 3.0 pm to 9.0 pm and having a maximum value Y 
in the region of circle-corresponding diameters of from 0.60 pm to 2.00 um in an amount of from 8.0% by number 
to 30.0% by number; and 

the external additive tine powder has, on the toner particles, at least an inorganic tine powder (A) having as primary 
^5 particles a number-average particle length of from 1 mpm to 30 mpm and a non-spherical inorganic fine powder 

(B) formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 1 50 and a number- 
average particle length of from 30 mpm to 600 mum. 

[0020] The present invention still also provides an image forming method comprising the steps of; 

50 

(I) charging electrostatically a latent image bearing member on which an electrostatic latent image is to be held; 

(II) forming the electrostatic latent image on the latent image bearing member thus charged; 

(III) developing the electrostatic latent image on the latent image bearing member by the use of a toner to form a 
toner image; and 

55 (|V) transferring to a transfer medium the toner image formed on the latent image bearing member; 

wherein; 
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the toner has at least toner particles containing at least a binder resin and a colorant, and an external additive fine 
powder; 

in circularity distribution of particles and in particle size distribution on the basis of circle^orresponding diameter, 
measured with a flow type particle image analyzer, the toner has an average circularity of from 0 950 to 0 995' 

and contains particles with circle-correspondina diameters of from 0 fin ■ im t Q locc th=.n om. r a : ' 

value X in the region of circle-corresponding diameters of from 3.0 prn^to 9.0 pm and having a maximum' value Y 
!" Sri 0 " crcle-corresponding diameters of from 0.60 pm to 2.00 pm ; in an amount of from 8.0% by number 
to 30. 0% by number; and 

the external additive f.ne powder has, on the toner particles, at least an inorganic fine powder (A) having as primary 
particles a number-average particle length of from 1 m M m to 30 m^m and a non-spherical inorganic fine powder 
(B) formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 1 50 and a number- 
average particle length of from 30 mum to 600 mum 

[0021] The present invention further provides an apparatus unit detachably mountable on a main assembly of an 
15 image forming apparatus, comprising; y 

a toner as a one-component developer, having at least toner particles containing at least a binder resin and a 
colorant, and an external additive fine powder; 
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a developing container for holding the one-component developer therein; and 

a developer carrying member for carrying the one-component developer held in the developing container and 
transporting the developer to the developing zone; 



wherein; 



in circularity distribution of particles and in particle size distribution on the basis of circle^orresponding diameter 
measured with a flow type particle image analyzer, the toner has an average circularity of from 0 950 to 0 995' 
and contains particles with circle-corresponding diameters of from 0.60 pm to less than 2 00 pm, having a maximum 
va ue X ,n the region of circle-corresponding diameters of from 3.0 pm to 9.0 pm and having a maximum value Y 

30 T on™',?" c,rcle - corres P°' ldin 9 diameters of from 0.60 pm to 2.00 pm, in an amount of from 8.0% by number 

to 30.0% by number; and 

the external additive fine powder has, on the toner particles, at least an inorganic fine powder (A) having as primary 
particles a number-average particle length of from 1 mpm to 30 mpm and a non-spherical inorganic fine powder 
formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 1 50 and a number- 
average particle length of from 30 mpm to 600 mpm. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 illustrates an image forming apparatus that can carry out an image forming method making use of the 
toner of the present invention. 

[0023] Fig. 2 illustrates another image forming apparatus that can carry out an image forming method making use 
ot the toner of the present invention. 

flS 24 L F l 9 3 i "" 8 ! rate8 sti " another ,ma 9 e formi "9 apparatus that can carry out an image forming method making 
use of the toner of the present invention. 

45 £S« f 4 ,!!' US,rateS 3 fUr,her ima 9 e ,ormin 9 ^Paratus that can carry out an image forming method making use 
ot the toner of the present invention. y 

[0026] Fig. 5 illustrates a still further image forming apparatus that can carry out an image forming method making 
use ot the toner of the present invention. 

[0027] Fig. 6 illustrates a developing apparatus employing a non-magnetic one-component developing system mak- 
ing use of the toner of the present invention. y 
[0028] Fig. 7 illustrates a developing apparatus employing a two^omponent developing system making use of the 
toner of the present invention. a 
[0029] Fig. 8 illustrates a image forming apparatus employing a belt type intermediate transfer member in place of 
a drum type intermediate transfer member of the image forming apparatus shown in Fig 1 
[0030] Fig. 9 shows a pattern used to evaluate the reproducibility of minute images 

SSI! F J 9 1 ° N,UStrates ^grammatically the particle shape of the non-spherical inorganic fine powder (B) 

S 1 V S a , b, ? k diaQram ^ the C3Se When the image formin 9 W^tus used in the present invention is 

applied in a printer of a facsimile system. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033] As a result of extensive studies made by the present inventors, it has been discovered that fog-free images 
with superior image-density stability and minute-image reproduction can be formed without causing deterioration of 

$ toner even in its long-term service, when at least two types ot fine powders having specific shape and specific number- 
average particle length are used as external additive fine powders used in a toner having a specific circularity distribution 
and having a specific particle size distribution on the basis of circle-corresponding diameter. 
[0034] The reason why the above effect can be obtained is unclear in detail, and is presumed as follows: 
[0035] As a result of extensive studies, the present inventors have elucidated that the deterioration of developers 

10 has relation to the following three phenomena. 

[0036] The first phenomenon is that toner particles are broken into finer particles, the second phenomenon is that 
particles of an external additive become buried in toner particle surfaces, and the third phenomenon is that toner 
particles become non-uniform in charging performance. 

[0037] The present invention has been accomplished standing on the above phenomena. 

15 [0038] The embodiments of the present invention will be described below in detail. 

[0039] The toner of the present invention has an average circularity of from 0.950 to 0.995, and preferably from 0.960 
to 0.995, in circularity distribution of particles as measured with a flow type particle image analyzer Herein, the flow 
type particle image analyzer refers to an apparatus that analyzes images of photographed particles statistically. The 
average circularity is calculated by an arithmetic mean of circularity determined according to the following expression, 

20 using the above apparatus. 



Circularity = 

Circumferential length of corresponding circle 
25 Circumferential length of particle projected image 

[0040] In the above expression, the circumferential length of particle projected image means the length of a contour 
line formed by connecting edge points of a binary-coded particle image. The circumferential length of corresponding 
circle means the length of circumference of a circle having the same area as the binary-coded particle image. 

30 [0041] If the toner has an average circularity of less than 0.950, the friction between toner particles one another or 
between toner particles and a member for imparting electric charges to toner such as a toner carrying member, may 
be so great that the toner particles may break to become fine particles, bringing about images not so free from fog and 
inferior in high minuteness. If the toner has an average circularity of more than 0.995, the toner may be charged by 
friction with difficulty, bringing about images having a poor uniformity. 

35 [0042] In particle size distribution on the basis of circle-corresponding diameter as measured with the flow type 
particle image analyzer, the toner of the present invention contains particles with circle-corresponding diameters of 
from 0.60 um to less than 2.00 jam, having a maximum value X in the region of circle-corresponding diameters of from 
3.0 ujti to 9.0 jam and having a maximum value Y in the region of circle-corresponding diameters of from 0.60 um to 
less than 2.00 jam, in an amount of from 8.0% by number to 30.0% by number. Here, the particles constituting the 

40 maximum value Y has the function to lower the fluidity to a proper value. 

[0043] In the particle size distribution on the basis of circle-corresponding diameter as measured with the flow type 
particle image analyzer, a spherical toner having only a single peak is a toner having too good fluidity, and hence such 
a toner can not be well charged triboeletrically at the initial stage to cause uneven images in the initial-stage images. 
The toner also has too good fluidity if it contains the particles with circle-corresponding diameters of from 0.60 um to 

45 less than 2.00 urn in an amount less than 8.0% by number, to cause uneven images in the initial-stage images. If the 
toner contains the particles with circle-corresponding diameters of from 0.60 um to less than 2.00 um in an amount 
more than 30.0% by number, the effect of lowering fluidity may be loo great, and the toner has a poor fluidity to cause 
coarse images in the initial-stage images after its long-term leaving. 

[0044] The effect of lowering fluidity can be more remarkable in an image forming method employing an intermediate 
50 transfer member, thus the present invention is preferable in such an image forming method. Its mechanism is unclear 
in detail. It is presumed that, when, e.g., full-color images are formed on a intermediate transfer member by the use 
of color toners, the toner whose fluidity has been controlled to a proper value may hardly be affected by fine vibrations 
occurring from a drive system and can prevent the toner image on the intermediate transfer member from becoming 
coarse. 

55 [0045] In the present invention, there are no particular limitations on methods for attaining the maximum values X 
and Y in the particle size distribution on the basis of circle-corresponding diameter and on methods for controlling the 
content of the particles with circle-corresponding diameters of from 0.60 um to less than 2.00 um. For example, usable 
methods are a method in which particles not having ill influence in relation to toner deterioration is added appropriately, 
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are ul^ T hlCh T'f ed „ Pa ^ ,eS '° rmed 35 a ^-product when toner particles are produced by polymerization 

sue as iTl^T ? " ' " P f ° f ^^""^ Par,iC ' eS f ° rmed aS 3 b yP roduc ' is amoved by classification 
™lf 7 classi,,ca,lon or air class.f.cat,on to make use of such a part of emulsified particles 

^Tl Pr8S ! nt inven,ioa the toner havin 9 the above specific average circularity can be produced by e q a 

method in which, when toner particles produced bv oulverization am treats tn maka .„ ha ^,i ... . ..f 

treatment are controlled to produce the toner, and a method in which! when toner ^c^'a^^c^y^polyZ - 
ization, conditions for the polymerization are controlled to produce the toner. 

[0047] As a method for making spherical the toner particles produced by pulverization, they may be done in the 
following way: Toner constituent materials such as a binder resin and a colorant and also optionally a release agem 
and a charge control agent are dispersed uniformly by means of a dry mixing machine such as a Henschel mixer or a 
med a dispersion machine to prepare a uniformly dispersed mixture, the mixture obtained is melt-kneaded by means 
S ' 9 T a H Ch, " e t S h U f 3 preSSUre kneader or an extruder *° °btain a kneaded product, the kneaded product 
feS! n . h f CrUSh6d bV meanS ° f 3 CmSher SUCh 38 a hammer mi »' the crush ed product obtained 

tTllTZ^^ ^ 9rind ' n9 maChine WhiCh C3USeS ,he CrUShed product to co " ide ^ a target under 
me now^; ,„ ? Tf[ ^ is daSSified USin 9 3 classifier to remove coarse powder and 

Se maTcfnh T k ^ d,s1nbution ^ P*™e size distribution has been controlled may 

S spherical by a hot-water method in which toner particles are dispersed in water and heated, a heating method 
m which toner particles are passed through hot-air streams, or a mechanica, impact method in which an impact by 
mechanical energy ,s .mparted to toner particles. Treatment conditions such as treatment temperature, treatment time 
and t eatrnen energy used when the toner particles are made spherical may be controlled appropriately, whereby he 
circularity of the toner can be controlled. y wneieuy me 

[0048] As a method for producing the toner particles by polymerization, they may be produced in the following way 
A monomer compos .on ,s prepared by adding constituent materials such as a colorant and optionally a release agent 
and a charge control agent .n polymerizable monomers together with a polymerization initiator and dissolving or dis- 
persing them uniformly by means of a mixing machine such as a homogenizer or an ultrasonic dispersion machine 

mTe GrZ7Jn7°T° n h "XT" * " aqUe ° US PhaSS 3 diSperSi ° n St3bNizer by means of a 

m.xer. Granulation ,s stopped at the stage where droplets of the monomer composition has come to have the desired 

TZT.T hTh I" 6 9ranU ' a,i0n ' a 9 itation ™V be ca ^ed out to such an extent that the state of particles is 

maintained and the particles can be prevented from settling by the acton of the dispersion stabilizer. The polymerization 
may be earned out at a polymenzatbn temperature set at 40°C or above, usually from 50 to 90°C At the latter half of 
' £ 0 n T r er,Zatl ? n ' , t i r e , ,empe A r f ,Ure may be raised ,or the P ur P° se ° f controlling the molecular weight distribution of 
or aSe fhJ r J»rZ h T ^ *? aqUe ° US mediUm ™ V be eV3p ° r3ted °« part at the latter half of the reaction 
A ftp MhJ rL , T T " C ° mpleted ' in order to remove "reacted polymerizable monomers and by-products 

2ZL tn t? C h e " C T P ' e,ed ' the t0ner PartiC,eS f0rm6d are collec,ed b y washin 9 a "d filtration, foMowed by 

dry.ng. In such suspension polymerization, water may usually be used as the dispersion medium preferably in an 

SET li™ 300 l ° 3 000 Par ' S by Wei9ht baS6d ° n 100 parts by wei 9 ht of < he monomer composition 
^ !Lmll C ' t rCUlarlty ,v ,0n ! r be adjUSted by cont r° llin 9 the type and amount of the dispersion stabilizer 
and polymerization conditions such as agitation conditions, pH of the aqueous phase and polymerization temperature 
when the toner part.cles are produced by the above polymerization process temperature 
[0050] In the present invention, the circularity distribution and the particle size distribution on the basis of circle- 

5Z S mT 7 ? am H?T f th , S t0ner meaSUred 10 the f0 " 0Win9 Way ' USln 9 a flow ly P e P article image ana.yzer FP A 
1000, manufactured by Toa lyou Denshi K.K. ' 

[0051] To make measurement, 0.1 to 0.5% by weight of a surface-active agent (preferably CONTAMINON trade 
name; available from Wako Pure Chem.ca. Industries, Ltd.) is added to ,on-exchanged water from whteh f n > dust has 

a e with e rr ,hrOUQh TT* WhiCh COnsec < uent ' y *> or less part 1C .es 9 within the measurement range <e 

g with circle-correspondingd.ameters of from 0.60 pm to less than 159.21 pm) in 10"3 cm* of water to prepare about 
10 ml of a solution (20-C) To this solution, about 0.02 g of a measuring sample is added and dispersed unZrt Z 
K k Zt ; 7 6 d ' SperSIOn 11 is dis P ersed by mean * ° f a " ultrasonic dispersion machine UH-50 manufactured by 
r^iinn ,h ' h 9 T ^ ^ " 5 mm di3meter) f ° r 3 dis P e rsi°n time of at least 5 minutes while appropriately 

coo. ng the d.spersion medium so that its temperature does not become higher than 40°C. Using the above flow type 

T^u ?? ana n yZ C o' PartiClS d,S,rlbuti °r 1 and circularity distribution of particles having circle-corresponding 
diameters of from 0.60 pm to less than 159.21 pm are measured. ponoing 

T^ 5 . 2 ! l^T^ °L meaSUremen t *s described in a catalog of FPI A-1 000 (an issue of June, 1 995), published by 

oTen ™^ a^^S'° n m3nUa ' " ^ meaSUfin9 - ^ ~" L3id 

fto^rl., n T ^ SamPle K diSP o^° n 'f PaSS6d thfOU9h Chann6lS (tending along the flow direction) of a flat transparent 
flow cell ( hickness: about 200 pm) A strobe and a CCD (charge-coupled device) camera are fitted at positions opposite 
to each other w.th respect to the flow cel. so as to form a light path that passes crosswise with respect to the th,ckness 
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of the flow cell. During the flowing of the sample dispersion, the dispersion is irradiated with strobe light at intervals of 
1/30 seconds to obtain an image of the particles flowing through the cell, so that a photograph of each particle is taken 
as a two-dimensional image having a certain range parallel to the flow cell. From the area of the two-dimensional image 
of each particle, the diameter of a circle having the same area is calculated as the circle-corresponding diameter. The 
5 circumferential length of the circle (corresponding circle) having the same area as the two-dimensional image of each 
particle is divided by the circumferential length of the two-dimensional image of each particle to calculate the circularity 
of each particle. 

[0054] Results (relative frequency % and cumulative frequency %) can be obtained by dividing the range of from 
0.06 jam to 400 |im into 226 channels (divided into 30 channels for one octave) as shown in Table 1 below. In actual 
10 measurement, particles are measured within the range of circle-corresponding diameters of from 0.60 u.m to less than 
159.21 urn. 

[0055] In the following Table 1 , the upper-limit numeral in each particle diameter range does not include that numeral 
itself to mean that it is indicated as "less than". 

is Table 1 
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Particle diameter ranges 




(urn) i 


(pm) 


(urn) 


0.60-0.61 


1.12-1.16 


2.12-2.18 


4.00-4.12 


0.61-0.63 


1.16-1.19 


2.18-2.25 


4.12^.24 


0.63-0.65 


1.19-1.23 


2.25-2.31 


4.24-4.36 


0.65-0.67 


1.23-1.26 


2.31-2.38 


4.36-4.49 


0.67-0.69 


1.26-1.30 


2.38-2.45 


4.49-4.62 


0.69-0.71 


1.30-1.34 


2.45-2.52 


4.62-4.76 


0.71-0.73 


1.34-1.38 


2.52-2.60 


4.76-4.90 


0.73-0.75 


1.38-1.42 


2.60-2.67 


4.90-5.04 


0.75-0.77 


1.42-1.46 


2.67-2.75 


5.04-5.19 


0.77-0.80 


1.46-1.50 


2.75-2.83 


5.19-5.34 


0.80-0.82 


1.50-1.55 


2.83-2.91 


5.34-5.49 


0.82-0.84 


1.55-1.59 


2.91-3.00 


5.49-5.65 


0.84-0.87 


1.59-1.64 


3.00-3.09 


5.65-5.82 


0.87-0.89 


1.64-1.69 


3.09-3.18 


5.82-5.99 


0.89-0.92 


1.69-1.73 


3.18-3.27 


5.99-6.16 


0.92-0.95 


1.73-1.79 


3.27-3.37 


6.16-6.34 


0.96-0.97 


1.79-1.84 


3.37-3.46 


6.34-6.53 


0.97-1.00 


1.84-1.89 


3.46-3.57 


6.53-6.72 


1.00-1.03 


1.89-1.95 


3.57-3.67 


6.72-6.92 


1.03-1.06 


1.95-2.00 


3.67-3.78 


6.92-7.12 


1.06-1.09 


2.00-2.06 


3.78-3.89 


7.12-7.33 


1.09-1.12 


2.06-2.12 


3.89-4.00 


7.33-7.54 


7.54-7.76 


14.20-14.62 


26.75-27.53 


50.37-51.84 


7.76-7.99 


14.62-15.04 


27.53-28.33 


51.84-53.36 


7.99-8.22 


15.04-15.48 


28.33-29.16 


53.36-54.91 


8.22-8.46 


15.48-15.93 


29.16-30.01 


54.91-56.52 


8.46-8.71 


15.93-16.40 


30.01-30.89 


56.52-58.17 


8.71-8.96 


16.40-16.88 


30.89-31.79 


58.17-59.86 


8.96-9.22 


16.88-17.37 


31.79-32.72 


59.86-61.61 


9.22-9.49 


17.37-17.88 


32.72-33.67 


61.61-63.41 


9.49-9.77 


17.88-18.40 


33.67-34.65 


63.41-65.26 


9.77-10.05 


18.40-18.94 


34.65-35.67 


65.26-67.16 


10.05-10.35 


18.94-19.49 


35.67-36.71 


67.16-69.12 


10.35-10.65 


19.49-20.06 


36.71-37.78 


69.12-71.14 


10.65-10.96 


20.06-20.65 


37.78-38.88 


71.14-73.22 


10.96-11.28 


20.65-21.25 


38.88-40.02 


73.22-75.36 
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Table 1 (continued) 



Particle diameter ranges 


(Mm) 


(Mm) 


(Mm) 


(pm) 


\ l .*d.o-i I .bl 


21 25-21 .87 


40 02-41 1 8 


I •-) . ju-/ / .oo 


11.61-11.95 


21.87-22.51 


41.18-42.39 


77.56-79.82 


1195-12.30 


22.51-23.16 


42.39-43.62 


79.82-82.15 


12.30-12.66 


23.16-23.84 


43.62-44.90 


82.15-84.55 


1 2.66-1 3.03 


23.84-24.54 


44.90-46.21 


84.55-87.01 


13.03-13.41 


?4 -PR 9R 


46.21-47.56 


87.01-89.55 


13.41-13.80 


25.25-25.99 


47.56-48.94 


89.55-92.17 


13.80-14.20 


25.99-26.75 


48.94-50.37 


92.17-94.86 


94 86-97 fi^ 


1 "7P loo OA 
I / c oo- I oo.o4 


336.37-346.19 


97.63-100.48 


183.84-189.21 


346.19-356.29 


100.48-103.41 


189.21-194.73 


356.29-366.69 


103.41-106.43 


1 94 7^-pnn 41 


' 366.69-377.40 


106.43-1 09.53 


200.41-206.26 


377.40-388.41 


109.53-112.73 


206.26-212.28 


388.41-400.00 


112.73-116.02 


212.28-218.48 






116.02-119.41 


218.48-224.86 






119.41-122 89 


224.86-231 42 






122.89-126.48 


231.42-238.17 






126.48-130.17 


238.17-245.12 






130.17-133.97 


245.12-252.28 






133.97-137.88 


252.28-259.64 






1 ^7 Pft-1 41 on 


^59.64-267.22 






141.90-146.05 


267.22-275.02 






146.05-150.31 


275.02-283.05 






150.31-154.70 


283.05-291.31 






154.70-159.21 


291.31-299.81 






159.21-163.86 


299.81-308.56 






163.86-168.64 


308.56-317.56 






168.64-173.56 


317.56-326.83 






173.56-178.63 


326.83-336.37 







T^e Stemata^Li f h T haS the t0ner P art jcle s described above and an external additive fine powder 

The external additive fine powder has, on the toner particles, at least an inorganic fine powder (A) whose particles are 
present .nd.vidually or in an aggregated state and a non-spherica, inorganic fine powder (B) formTby coat c nee 
due to "nig " ** ^ ^ impr ° Ved ,luidi,y 3nd r6Strains ,he ,on9r f ™ * SSSS 

2s f^ 8 '? 1 a , ddmVe fine P ° Wder (A) mOV6S ^P^ely around the surfaces of the toner 

r«Th» n ?h there, ° r , e , ac ! s as to make electric barges on the toner particle surfaces uniform, to make the toner have 
a sharp charge quant.ty d.stribution and also make the toner have an improved fluidity. The non-spherii ino manic 
nne powder (B) functions as a spacer of the toner particles and thereby acts as to restrain the toner particles^om 
being buried in the inorganic fine powder (A). policies irom 

[0058] In general, toner particles having less unevenness on their surfaces and approximate to spheres have less 

whenThe ^ eX,ema ' *" 8x1 ^ t0 ,he PartSe JZSZZ sNp away 

when the toner part.cles come into contact with a member for imparting triboelectric charges to the toner eq a de 

2S£SZ?£Z~ ,he external addi,ive tends to be buried in ,he toner part,cle - *2£ -s a e Z 

n°?Q? 1^ °L the Pr6Sent invention is an almost spherical toner having an average circularity of from 0 950 to 
0.995 as described above. However, since it has the inorganic fine powder (A) and non-spherical inorg^nicTe powdlr 
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(B) as an external additive fine powder on the toner particle surfaces, the inorganic fine powder (A) can be prevented 
effectively from being buried in the toner particle surfaces on account of the non-spherical inorganic fine powder (B). 
[0060] The inorganic fine powder (A) has as primary particles a number-average particle length on toner particles, 
of from 1 mu.m to less than 30 mum and preferably from 1 mpm to 25 mum This is good because the toner can be 
5 improved well in its charge quantity distribution and fluidity. 

[0061] If the inorganic fine powder (A) has a primary particle number-average particle length smaller than 1 mum 
the inorganic fine powder (A) tends to be buried in the toner particle surfaces to cause the deterioration of toner with 
long-term service. 

[0062] If the inorganic fine powder (A) has a primary particle number-average particle length greater than 30 mum 
10 it may have a poor ability to make electric charge on the toner particle surfaces uniform, resulting in a broad charge 
quantity distribution of the toner, and hence problems such as toner scatter and fog tend to occur. 
[0063] The inorganic fine powder (A) may preferably have, as primary particles on the toner particle surfaces, a 
length/breadth ratio (ratio of particle length to particle breadth) of from 1 .0 to 1 .5, and more preferably from 1 .0 to 1 .3, 
in order for the inorganic fine powder (A) to be able to be dispersed uniformly on the toner particle surfaces in a 
is preferable form when dispersed thereon. 

[0064] If the inorganic fine powder (A) has a primary particle length/breadth ratio more than 1.5, the inorganic tine 
powder (A) may have an excessive cohesive force to make it difficult for the inorganic fine powder (A) to be dispersed 
uniformly on the toner particle surfaces in a preferable form by means of an agitation mixer put into wide use. 
[0065] The inorganic fine powder (A) may preferably have, as primary particles on the toner particle surfaces, a 
20 shape factor SF-1 of from 100 to 130, and preferably from 100 to 125, in order for the powder to be able to move 
appropriately around the toner particles to impart a good fluidity to the toner. 

[0066] If the inorganic fine powder (A) have a primary particle shape factor SF-1 more than 1 30, the inorganic fine 
powder (A) may have a low ability to move appropriately around the toner particles, resulting in images having poor 
density uniformity and minute image reproduction. 
2S [0067] In the present invention, the SF-1 indicating the shape factor is a value obtained by sampling at random 100 
particles of particle images by the use of FE-SEM (S-4700), a field-emission scanning electron microscope manufac- 
tured by Hitachi Ltd.), introducing their image information in an image analyzer (LUZEX-lll; manufactured by Nikore 
Co.) through an interface to make analysis, and calculating the data according to the following expression. 

30 

Shape factor SF-1 = (MXLNG) 2 /AREA x rc/4 x 100 

wherein MXLNG represents an absolute maximum length of a particle, and AREA represents a projected area of a 
particle. 

35 [0068] The primary particle shape factor SF-1 of the inorganic fine powder (A) is measured at magnification of 1 00,000 
times on the FE-SEM. 

[0069] The inorganic fine powder (A) may preferably have a specific surface area as measured by nitrogen adsorption 
according to the BET method (BET specific surface area), of from 50 to 1 50 m 2 /g, and more preferably from 60 to 1 40 
m 2 /g : in order for the charging performance of toner particles to be kept stable with ease. 
40 [0070] If the inorganic fine powder (A) has a BET specific surface area smaller than 50 m 2 /g, the inorganic fine 
powder (A) may come apart from the toner particle surfaces easily, tending to cause problems such as toner scatter 
and fog. Also, image density may become inferior in uniformity. 

[0071] If the inorganic fine powder (A) has a BET specific surface area larger than 1 50 m 2 /g, the toner may have an 
unstable charging performance to cause the problems such as toner scatter and fog, especially when left in an envi- 
es ronment of high humidity over a long period of time. 

[0072] In the present invention, the BET specific surface areas of powders are measured in the following way, using 
Autosorb I, a specific surface area meter manufactured by Quantach Rome Co. 

[0073] About 0.1 g of a measuring sample is weight out in a cell, and is deaerated at a temperature of 40°C, under 
a degree of vacuum of 1 .0 x 10' 3 mmHg for at least 12 hours. Thereafter, nitrogen gas is adsorbed in the state where 

so the sample is cooled with liquid nitrogen, and then the value is determined by the multiple point method. 

[0074] The non-spherical inorganic fine powder (B) used in the present invention may have a shape factor SF-1 on 
toner particles, of 150 or greater, preferably 190 or greater, and more preferably 200 or greater, in order for the non- 
spherical inorganic fine powder (B) to move hardly around the toner particle surfaces and for the inorganic fine powder 
(A) to be restrained well from being buried in the toner particle surfaces. 

55 [0075] If the non-spherical inorganic fine powder (B) has a shape factor SF-1 of 150 or less, the non-spherical inor- 
ganic fine powder (B) itself tends to be buried in the toner particle surfaces, so that the inorganic fine powder (A) may 
be less effectively restrained from being buried in the toner particle surfaces. 

[0076] The shape factor SF-1 of the non-spherical inorganic fine powder (B) on toner particles is measured on a 
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magnified photograph taken by the FE-SEM at 50,000 magnifications 

EL tuc^r^ Pa H C !! S ° f ? "° n - Spherical ,nor 9* nlc fine P°wder (B), the particles may be no. non-spherical 
particles such as merely rod-like particles or core-like particles, but those formed by coalescence of a plurality of 
particles as shown ,n Fig. 10. This is effective in order for the inorganic fine powder (A) to be restrained £om being 
buried .n the toner particle. The reason therefor is presumed as follow*- Th* n^i J J, «,„ „„! IT.. "1 1 . e '" 9 
S ohS? r ^ COaleSCe " Ce ° f a plura "'V <- Particles 

sphencal norganic fine powder (B) is prevented from being buried in the toner particles and also the non-sphencal 

^WS" as a spacer on ,he toner par,,c,es to restrain the ,nor9anic fine ~s 

J«nn 0n " SPheriCal in °! 9a ^ fine P ° Wder (B) alS ° may P referab| y have a number-average particle length of 

Z eowue S X I?" ^ , ab ' y 'T 30 ,0 300 mUm ' Sti " m ° re Preferab 'y fram 35 10 300 km- in order fo 
the powder (B) to be able to function well as a spacer on the toner particles 

KJ2LJ f n?f n ° n ;fP herica| i nor 9 anic fine powder (B) has a number-average particle length smaller than 30 mum 

dlLf.?? S ^'° n bS Simi ' ar l ° that ° b,ained When ,he inor 9 anic fine Po wd er (A) is added alone makTng it 
difficult to restrain the inorganic fine powder (A) from being buried 9 

[0080] If the non-spherical inorganic tine powder (B) has a number-average particle length larger than 600 mum the 
morgamc „ne powder (A) may become buried in the toner particle surfaces as a result of fnction o, the toner parties 
wrth the non-sphencal inorganic fine powder (B), tending to cause toner deterioration 

iTnlm n ° n " Sph f riCal , inor 9 anic fine P° wder (B) may preferably have a length/breadth ratio on toner particles of 

AHo be e TTV° °' ^ SU " ^ 3 0 ° f ^ " f °' ^ -organic L powder 

(A) to be restrained highly effectively from being buried in the toner particle surfaces 

[0082] If the non-spherical inorganic fine powder (B) has a length/breadth ratio of less than 1 7 the non-s D herical 
endsTo'h 7 P T e ; h (B> ISSS CUrVSd StrUCtUre ' and h6nCe ,he -n-spherica. inorganic fine powder (B)1 S 

f ™ hi h h ^ PartiC ' e SUrfaC6S ' S ° 1ha ' the in ° rganiC fine P° wder < A > ma V be 'ess effectively restrained 

from being buried in the toner particle surfaces. y leaudlnea 

l ^ol^ h nlT,' SP !! e " Cal in ° r9aniC finG P ° Wder (B) 3lSO may P^erably be one formed by coalescence of a plurality 
of primary particles hav.ng an average Feret's diameter minimum width of preferably from 20 mpm to 200 mum and 

Z°Z Pre «T X T 30 ^ l ° 200 ° n the ,0ner Particles in order f ° r the inorganic fine powdeMAMo be 

restrained highly effectively from being buried in the toner particle surfaces 

[0084] If the primary particles confuting the coalescing particles of the non-spherical inorganic fine powder <B) 
for th 1TZ IT S diame l er minimUm Width Sma " er ,Pan 20 mMm ' " may be 9reat,y cohesive ^ make it difficult 

™Z^^^™:zr der (B) to be d,spersed uni,ormiy ° n the toner particie s — by — °< 

E„ ' f the Pr ' mary particles constituting the coalescing particles of the non-spherical inorganic fine powder (B) 
have an average Feret's diameter minimum width larger than 200 mpm, it may have less curved structure and bes des 

he onerTrt 7 P ^Z W ^ to ^ h the t0ner particle surf aces as a result of f rSion o, 

the toner particles with the non-spherical inorganic fine powder (B) 

SSn Hf n ° t n " Spherical inor 9 anic ,ine Powder (B) may preferably have a specific surface area as measured by 

TaZuo^ZZT 9 h meth ° d <BET £P6CifiC SUrfaCe afea) ' ° f from 20 10 90 and -ore pre" 

rrS^ Tth I 9 - , ° ,0 Pr6Vent the in ° r9aniC fine powder < A > from bein 9 added effectively. 

[0087] If the non-sphencal inorganic fine powder (B) has a BET specific surface area smaller than 20 m2/ Q the 

TeTowd m P ° W K er (A> a ' ready 666,1 bUded " ,he — Particle surfaces because of such non-spherical "organic 
fine powder (B) when ag.tation ,s carried out using an agitation mixer put into wide use, to make the addition of the 
inorganic tine powder (A) less effective. aaaiiion oi tne 

[0088] If the non-spherical inorganic fine powder (B) has a BET specific surface area larger than 90 m 2/a the inor 

addition of the inorganic fine powder (A) less effective. 

[0089] In the present invention, the primary particles of the inorganic fine powder (A) present individually or in an 
aggregated state may preferably be present on the toner particle surfaces in a number of at leas, Xalles and 
more preferably a, leas, 25 particles, in total on the average per unit area of 0.5 pm X 0.5 urn, and the non-stherS 
inorgamc fine powder (B) may preferably be present on the toner particle surfaces in a number of from 1 to 20 part" es 
and more preferably from 2 to 1 8 particles, on the average per unit area of 1 .0 M m X 1 .0 urn, as viewed on an elect on 

ZZTZZ7^rTT °' ,0ner t0,a ' nUmbSr ° f Primary particles o f ^ inorga" fine powde A 
present on the toner particle surfaces is meant to be the total number of the primary particles present indivLally and 

the primary particles constituting the aggregates. y 

1 ^1J P r a,V PartiC ' eS ° f in ° rganiC finS P ° Wder (A) present on the toner particle surfaces are less than 

fmSii th ° n ,he aVera96 ' thS ,0ner ma ^ have an inferior fluidity, resu.ting in images inferior in uniformity. 

[0091] The number-average particle-length, length/breadth ratio and average Feret's diameter minimum width of the 
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external additive fine powder and the number of particles of the external additive fine powder present on the toner 
particle surfaces are measured in the following way 

[0092] The respective numerical values of the inorganic fine powder (A) are measured using a magnified photograph 
taken by photographing toner particle surfaces magnified 1 00,000 times by the use of the scanning electron microscope 
5 FE-SEM (S-4700, manufactured by Hitachi Ltd.), which are measured on particles having a particle length of from 1 
to 40 mum. The particle length and breadth of the primary particles are measured appropriately at a magnification 
within the range of from 100,000 times to 500,000 times as will be described later. 

[0093] The average length of primary particles of the inorganic fine powder (A) is determined by measuring the length 
of each primary particle of the inorganic fine powder (A) over 10 visual fields on the magnified photograph, and regarding 

10 its average value as the average length. Similarly, the average value of the breadth of each primary particle of the 
inorganic fine powder (A) is determined as the average breadth, and ratio of the average length to the average breadth 
is calculated as the length/breadth ratio of each primary particle of the inorganic fine powder (A). Here, the length of 
the primary particle corresponds to the distance between parallel lines which is maximum among sets of parallel lines 
drawn tangentially to the contour of each primary particle of the inorganic fine powder (A), and the breadth thereof 

15 corresponds to the distance between parallel lines which is minimum among such sets of parallel lines. 

[0094] In an instance where the diameter measured is 1 mm or smaller in actual scale in the measurement of the 
length and breadth of the inorganic fine powder (A), the magnification of the magnified photograph of the toner particle 
surfaces is increased up to the range of 500,000 magnifications to make measurement. 

[0095] The number ot particles of the inorganic fine powder (A) on the toner particle surfaces is determined by count- 
20 ing in 10 visual fields on the magnified photograph the number ot primary particles of Ihe inorganic fine powder (A) per 
unit area of 0.5 jam x 0.5 jam (50 mm x 50 mm in the 100,000-time magnified photograph) on the toner particle surfaces, 
and calculating its average value When the number of particles of the inorganic fine powder (A) is counted, the number 
of primary particles is counted in respect of the inorganic fine powder (A) present in the area corresponding to 0.5 jam 
x 0.5 u.m at the center of the magnified photograph, and the number of primary particles constituting the aggregates 
25 is counted in respect of the inorganic fine powder (A) standing aggregated. 

[0096] The respective numerical values of the non-spherical inorganic fine powder (B) are measured using a mag- 
nified photograph taken by photographing toner particle surfaces magnified 50,000 times by the use of the scanning 
electron microscope FE-SEM (S-800, manufactured by Hitachi Ltd.), which are measured on particles having a particle 
length of 20 mum or larger. 

30 [0097] The average length of particles of the non-spherical inorganic fine powder (B) is determined by measuring 
the length of each particle of the non-spherical inorganic fine powder (B) over 10 visual fields on the magnified photo- 
graph, and regarding its average value as the average length. Similarly, the average value of the breadth of each 
particle of the non-spherical inorganic fine powder (B) is further determined as the average breadth, and the ratio of 
the average length to the average breadth is calculated as the length/breadth ratio of the non-spherical inorganic fine 

35 powder (B). Here, the length of particle corresponds to the distance between parallel lines which is maximum among 
sets of parallel lines drawn tangentially to the contour of each particle of the non-spherical inorganic fine powder (B), 
and the breadth thereof corresponds to the distance between parallel lines which is minimum among such sets of 
parallel lines. 

[0098] The number of particles of the non-spherical inorganic fine powder (B) on the toner particle surfaces is de- 

40 termined by counting in 10 visual fields on the magnified photograph the number of particles of the non-spherical 
inorganic fine powder (B) per unit area of 1 .0 jam x 1 .0 jam (50 mm x 50 mm in the 50 : 000-time magnified photograph) 
on the toner particle surfaces, and calculating its average value. When the number of particles of the non-spherical 
inorganic fine powder (B) is counted, it is counted on the non-spherical inorganic fine powder (B) present in the area 
corresponding to the area of 1 .0 jam x 1 .0 jam at the center of the magnified photograph. 

45 [0099] The average Feret's diameter minimum width of the primary particles constituting the coalescing particles of 
the non-spherical inorganic fine powder (B) is determined as follows: sampling 20 or more particles of the non-spherical 
inorganic fine powder (B) over a plurality of visual fields on the magnified photograph, measuring a Feret's diameter 
minimum width on all particles sampled on which the Feret's diameter minimum width of the primary particles consti- 
tuting the coalescing particles of the non-spherical inorganic fine powder (B) can be measured, and regarding its av- 

50 erage value as the average Feret's diameter minimum width. Here, the Ferefs diameter minimum width corresponds 
to the distance between parallel lines which is minimum among sets of parallel lines drawn tangentially to the contour 
of each primary particle constituting the coalescing particles of the non-spherical inorganic fine powder (B). 
[0100] To distinguish the inorganic fine powder (A) from the non-spherical inorganic fine powder (B) on the scanning 
electron microscope magnified photograph, when there is a clear difference in particle shape between the inorganic 

55 fine powders, a method may be used in which judgement is made in accordance with the difference in particle shape 
on the scanning electron microscope magnified photograph. Alternatively, when there is a compositional difference 
between the inorganic fine powders, a method may be used in which the inorganic fine powder (A) and the non -spherical 
inorganic fine powder (B) are detected separately by detecting only specific designated elements using an X-ray micro- 
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analyzer. 

nXlL ln the l preS£ ; n, inve " ,io _ n ' inorganic fine powder (A) and/or the non-spherical inorganic fine powder (B) may 
preferably contain silicone oil. Treatment of the inorganic fine powder(s) with silicone oil brings about an improvement 
in hydrophobic^ of the inorganic fine powder(s), and also, in non-magnetic one-component developing sysTms 
makes it possible to prevent the charging member from beino scratched hw the inn™™, L. 
prevent the charging performance of the toner from becoming non-uniform' ' ~ K ~"' v "" vo ' °' ,u " le,t!0y 

^roteas atubr^nf ^ * t0 8XUde fr0m the inor9anic fine P°wder(s) in a very small quantity and play 

™SL' n h he Pr8Sent inVenti ° n ' the inor 9 anic fine P° wder ( A ) and/or the non-spherical inorganic fine powder (B) may 
53o™ -th ! ^ r r9an,C COmpound < s > lf the inor 9 a ™ fine powder (A) is an organic compound, its particles may 
iheTcT 9 T SefV,C , e 10 SUCh 3 Sh3pe ,h6y S,,Ck ,0 ,he t0ner P artic,e surfaces Meanwhile, if the non 
Sr hTT P ° Wder (B) iS 8n ° r9aniC com P ound its Prides may deform or collapse as a result of their 
fr.ct.on with the charging member to act poorly as spacer particles 

ETISh f S '"a in t ° r9aniC fine u pOWders W and (B) used in the present invention, conventionally known materials may 
be used. In order to improve charging stability, developing performance, fluidity and storage stability, they may prefer- 

™wL S k T f [Ca ' a ' Umina ' tUania ° r dOUble OXides thereo < ln P art ^ular, fine silica powder is more 

Preferred because the formation of primary particles or coalesced primary particles can be controlled arbitrarily to a 
certam extent. For example, the silica includes what is called dry-process silica or fumed silica produced by vapor 
phase oxidation of silicon halides or alkoxides and what is called wet-process silica produced from alkoxides or water 

a 1c H i may b6 , USed dry "P rOCeSS silica is P rererred . as having less silanol groups on the surface 
and inside and leaving no production residues such as Na 2 0 and S0 32 

n ° ( n - Sph , erical inor 9 anic fine P° wder (B) may preferably be produced especially in the following way. 

form W^ 6 " ! ° a P r d6 V S 9iV6n 33 an eXamP ' e ' 3 SiliC ° n haHde is Sub j ected to 9 aseous P^se oxidation to 
form fine silica powder, and the fine silica powder obtained is subjected to hydrophobic treatment to produce non- 
sphencal fine silica powder. Especially in the case of the gaseous phase oxidation, firing may preferably be carried out 
at a temperature h.gh enough for the primary particles of silica to coalesce 

[0107] Such non-spherical inorganic fine powder (B) may particularly preferably be those obtained by classifying 
coalesced particles comprised of primary particles having mutually coalesced, to collect relatively coarse particles 
and adjusting their particle size distribution so as to fulfill the condition of the number-average length in the state thev 
are present on the toner particle surfaces. y 

0°1 1 to3 o^bvweinh! H re T rf i0r V he haVG the in ° rganiC fine pOWder W in an amount of from 

fn »n m T » n ' o P referably from 0 2 to 2 P arts b y weight, and the non-spherical inorganic fine powder (B) 

wetglTol t he , on r ^ ^ ° * '° 15 P3rtS by W6ight ' a " based on 1 °° P arts 5 

[0109] If the toner has the inorganic fine powder (A) in an amount less than 0. 1 part by weight, the toner can not be 
endowed with a sufficient fluidity to tend to cause images inferior in uniformity. nercannotoe 
[0110] If the toner has the inorganic fine powder (A) in an amount more than 3 parts by weight, the inorganic fine 

CTJ, h m 7 C ° me a , Part thG '° ner Part ' C,e SUrfaCeS ,0 f ° rm a 99^ 9 ates of the inorganic fine powder (A) in a 
large number, to cause fog on paper and images inferior in fine-line reproduction 

EJ? '! I® t0ner If 8 the non - s P herical inorganic fine powder (B) in an amount less than 0.1 part by weight the 
wth ,ong 0 t e ^ seX'ce in ° r9amC ^ ^ "* * ^ C3USing 3 '° Wering ° f ima 9 e 

[0112] If the toner has the non-spherical inorganic fine powder (B) in an amount more than 3 parts by weight the 
non-spher,ca inorganic tine powder (B) may come apart from the toner particle surfaces to form aggregates of the 
pZlnZn ' n0r9amC P ° Wder (B) ' n 3 lar9e nUmb6r ' ,0 C3USe f ° 9 ° n Paper and ,ma 9 es inferior in fine-line re- 

[0113] In the toner of the present invention, in addition to the inorganic fine powder (A) and non-spherical inorganic 
fine powder (B), different fine particles may further be added as an external additive spner.cai inorganic 

so Vernal addTvef" °' 9an ' C * >n ° r9aniC Par,iC ' 6S *" " Sed ^ COmm ° nly kn ° wn widel V as 

[0115] The inorganic fine particles may include, e.g., metal oxides such as aluminum oxide, titanium oxide, strontium 
^rSl^T ° X ?°' magn u esium oxide ' ehromium oxide, tin oxide and zinc oxide; nitrides such as silicon nitride 
carbides such as silicon carbide; metal salts such as calcium sulfate, barium sulfate and calcium sulfate; fatty acid 
metal salts such as z.nc stearate and calcium stearate; carbon black; and silica; any of which may be used The organic 
fine parte es may include, e.g., homopolymers or copolymers of monomer components used in binder resins for toner 
such as styrene, acryhc acd, methyl methacrylate, butyl acrylate and 2-ethylhexyl acrylate, obtained by emulsion po- 
lymerization or spray drying yomuiaiunpo 

[0116] For the purpose of making hydrophobicity higher to more improve environmental properties and improving 
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the operability in controlling the particle diameter and shape, the fine particles used in the toner of the present invention 
may be subjected to treatment with a silane coupling agent, or to surface treatment to form alumina coatings on the 
surfaces of the fine particles. 

[0117] Stated specifically, the silane coupling agent may include hexamethyldisilazane or compounds represented 
5 by the formula (1): 

m n x ' 

10 wherein R is an alkoxyl group or a chlorine atom; m is an integer of 1 to 3; Y is an alkyl group, or a hydrocarbon group 
containing a vinyl group, a glycidoxyl group or a methacrylic group; and n is an integer of 1 to 3. 
[0118] The compounds represented by the above formula (1) may include typically, e.g., dimethyldichlorosilane, 
trimethylchlorosilane, allyldimethylchlorosilane, allylphenyldichlorosilane, benzyldimethylchlorosilane, vinyltriethoxysi- 
lane, y-methacryloxypropyltrimethoxysilane, vinyltriacetoxysilane, divinylchlorosilane and dimethylvinylchlorosilane. 

15 [0119] The treatment with the silane coupling agent may be made by a method including dry-process treatment in 
which a fine powder made cloudy by agitation is reacted with the silane coupling agent, and wet-process treatment in 
which a fine powder is dispersed in a solvent and the silane coupling agent is added dropwise thereto to carry out the 
reaction, either of which may be used. 

[0120] The alumina coatings may be formed by a method in which aluminum chloride, aluminum nitrate or aluminum 
20 sulfate is added in an aqueous solution or a solvent to immerse fine particles in it, followed by drying, or a method in 
which hydrated alumina, hydrated alumina-silica, hydrated alumina-titania, hydrated alumina-titania-silica or hydrated 
alumina-titania-silica-zinc oxide is added in an aqueous solution or a solvent to immerse fine particles in it, followed 
by drying. 

[0121] The toner particles contained in the toner of the present invention contains at least a binder resin and a 
25 colorant. 

[0122] As the binder resin used in the present invention, it may include homopolymers of styrene and derivatives 
thereof such as polystyrene and polyvinyl toluene; styrene copolymers such as a styrene-propylene copolymer, a 
styrene-vinyltoluene copolymer, a styrene-vinylnaphthalene copolymer, a styrene-methyl acrylate copolymer, a sty- 
rene-ethyl acrylate copolymer, a styrene-butyl acrylate copolymer, a styrene-octyl acrylate copolymer, a styrene- 

30 dimethylaminoethyl acrylate copolymer, a styrene-methyl methacrylate copolymer, a styrene-ethyl methacrylate co- 
polymer, a styrene-butyl methacrylate copolymer, a styrene-dimethylaminoethyl methacrylate copolymer, a styrene- 
methyl vinyl ether copolymer, a styrene-ethyl vinyl ether copolymer, a styrene-methyl vinyl ketone copolymer, a styrene- 
butadiene copolymer, a styrene-isoprene copolymer, a styrene-maleic acid copolymer and a styrene-maleate copoly- 
mer; polymethyl methacrylate; polybutyl methacrylate; polyvinyl acetate; polyethylene; polypropylene; polyvinyl butyral; 

35 polyacrylic acid resins; rosins: modified rosins; terpene resins; phenol resins; aliphatic or alicyclic hydrocarbon resins; 
aromatic petroleum resins; paraffin wax; and carnauba wax. Any of these may be used alone or in the form of a mixture. 
[0123] As colorants used in the present invention, carbon black, magnetic materials, and colorants toned in black 
by the use of yellow, magenta and cyan colorants shown below are used as black colorants. 

[0124] As the yellow colorant, compounds typified by condensation azo compounds, isoindolinone compounds, an- 
40 thraquinone compounds, azo metal complexes, methine compounds and allylamide compounds are used. Stated spe- 
cifically, C.I. Pigment Yellow 12, 13, 14, 15, 17, 62, 74, 83, 93, 94, 95, 109, 110, 111, 128, 129, 147, 168 and 180 are 
preferably used. 

[01 25] As the magenta colorant, condensation azo compounds, diketopyropyyrole compounds, anthraquinone com- 
pounds, quinacridone compounds, basic dye lake compounds, naphthol compounds, benzimidazolone compounds, 

45 thioindigo compounds and perylene compounds are used. Stated specifically, C.I. Pigment Red 2, 3, 5, 6, 7, 23, 48:2, 
48:3, 48:4, 57:1, 81:1, 122, 144, 146, 166, 169, 177, 184, 185, 202, 206, 220, 221 and 254 are particularly preferable. 
[01 26] As the cyan colorant, copper phthalocyanine compounds and derivatives thereof, anthraquinone compounds 
and basic dye lake compounds maybe used. Stated specifically, C.I. Pigment Blue 1,7, 15, 15:1, 15:2, 15:3, 15:4, 60, 
62 and 66 may particularly preferably be used. 

50 [0127] Any of these colorants may be used alone, in the form of a mixture, or in the state of a solid solution. 

[0128] In the case of color toners, the colorants used in the present invention are selected taking account of hue 
angle, chroma, brightness, weatherability, transparency on OHP films and dispersibility in toner particles. The colorant 
may be used in an amount of from 1 to 20 parts by weight based on 100 parts by weight of the binder resin. 
[0129] In the toner of the present invention, a charge control agent may be used optionally 

55 [0130] As charge control agents used in the present invention, known agents may be used. In the case of color 
toners, it is particularly preferable to use charge control agents that are colorless, make toner charging speed higher 
and are capable of maintaining a constant charge quantity stably. 
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n*!Ti C ,° mpOUnd ' the may lnclude as "native charge control agents, metal compounds of salicylic acid 

naphthoic ac-d, dicarboxylic acid or derivatives of these, polymer type compounds having sulfonic acid or carboxylic 
acid ,n the side cha.n, boron compounds, urea compounds, silicon compounds, and carycsarene. As positive charge 
control agents they may include quaternary ammonium salts, polymer type compounds having such a quaternary 
ammonium salt in the side chain, guanidine compounds, and imidazole cnmnn, ,nH<= V 

Inn 321 ri T h he Char K. G aflSnt preferab, V be used ln an amount of lorn 0.5 to 10 parts by weight based on 

100 parts by weight of the binder resin. In the present invention, however, the addition of the charge control agent is 
Z ,IT^ '1, ,K aSe Wh8n tw °- com P onenl development is employed, the triboelectric charging with a carrier may 
£tr£ T» '"I M 3 ! 6 non - ma 9 ne *^ one-component blade-coating development is employed, the triboe 
lectnc charging with a blade member or a sleeve member. Accordingly, the charge control agent need not necessarily 
be contained in the toner particles. ' 

S3 III l n u th ? ,0nSr °' the PreS6nt invention ' a wax ma V be used optionally as a low-softening substance 

[0134] The low-softening substance used in the toner of the present invention may include polymethylene waxes 

^arL P r IT' P ?' y0le,in WaX ' microcr ^ alline ™* and Fischer-Tropsch wax, amide waxes higher fatty ST 

SeSlv b?»tt t 6 r X h e f deriVatlV6S ,here °' SUCh 88 9raft com P°^ds and block compounds. These may 
preferably be those from wh.ch low-mo.ecular-we,ght components have been removed and having a sharp maximum 
endothermic peak in the DSC endothermic curve. 

[0135] Waxes preferably usable are straight-chain alkyl alcohols having 15 to 100 carbon atoms, straight-chain fatty 
acids straight-chain acid amides, straight-chain esters or montan type derivatives. Any of these waxes from which 
impurities such as liquid fatly acids have been removed are also preferred 

Lm^l , WaX V r, 16 Prefefably USable ma V include low-molecular-weight alkylene polymers obtained by radical po- 
lymerization of alkylenes under a high pressure or polymerization thereof in the presence of a Ziegler catalyst or any 

TklZ T «f T SSUre; a ' kylene P ° lymerS ° btained by ,hermal decomposition of high-molecular-weight 
alkylene polymers, those obtained by separation and purification of low-molecular-weight alkylene polymers formed 
as by-products when alkylenes are polymerized; and polymethylene waxes obtained by extraction fractionation of 
specific components from distillation residues of hydrocarbon polymers obtained by the Arge process from a synthetic 
gas comprised of carbon monoxide and hydrogen, or from synthetic hydrocarbons obtained by hydrogenation of dis- 
tillation residues. Antioxidants may be added to these waxes. 

[0137] The low-softening substance used in the present invention may preferably have an endothermic main peak 

Z nTrZT* rr 40 10 9 °° C ' ^ Prefefably ,f0m 45 ,0 85 ° C ' in the ,he exothermic curve measured 

51 « « (d,fferen ' lal SC£ T n9 ca| d r ^etry). With regard to the endothermic main peak, preferred is a sharp-melting 

2^2 H h S « f" 06 haV '? 9 3 ha " Wldth Within 1 °° C ' and m ° re Preferab,y wi,hin 5 ° C 'n Particu.ar, an ester wax 
2° !, ? ° ^ 6 ! enfied COmpound of a lon 9- chain a| kV alcohol having 15 to 45 carbon atoms with a long- 

low temnl, °f XV , 15 l ° 45 ^ * in View of a transparency on OHP sheets and 

™, P 9 performance and high-temperature anti^ffset properties at the time of fixing 

[0138] n the present invention, the measurement by DSC is made using, e.g., DSC-7, manufactured by Perkin Elmer 

zinc «ndfhTT 31 de ' eCtin9 POrti ° n °' * he d8ViCe 13 COrrSCted ° n the basis of melti "9 points of indium and 
2 i Tl « T 1 ? ^ USlnQ lndiUm ,USi ° n h9at ThS Samp,e is pUt in a pan made of aluminum, and an empty 
to 200°C ^ meaSUr6ment at a rate o( temperature rise of 10°C/min at temperatures of from 20°C 

[0139] The low-softening substance may preferably be contained in the toner particles in an amount of 3 to 40 parts 
?niZ B 1 1 - m ° re Preferably ,rom 5 to 35 p a rt s by weight, based on 1 00 parts by weight of the binder resin 
Set? 1 J* ,OW - SOf ' enin 9 su bstance is in a content less than 5 parts by weight, sufficient high-temperature anti- 
o fse o f,rf t' eS 7 be att T ed Wi,h d,ft,CUlty AISO ' when im ages are fixed on both sides o, a recording medium 
m-f t , f ' rS, - formed (surface » ,ma 9 es ma V occur at the time of fixing of second-formed (back) images 
rnmniJl ? ,0 "; softenin 9 * ubst ance is in a content more than 40 parts by weight, when the toner is produced, toner 
2 h k ? melt " adhere t0 the in,erior of a toner P foduc tion apparatus in the case when the toner particles 

are p oduced by pulverization, and granulation performance may lower at the time of granulation and also toner particles 
™? C ° al6SCe one another in the ca se when the primary particles are produced by polymerization 
Seed he ITrZT? TT"' whent netoner P articlesare produced by polymerization, the polymerizable monomer 
used therein may include styrene monomers such as styrene, o-, m- or p-methylstyrene, and m- or p-ethylstyrene 
acrylic or methacrylic acid ester monomers such as methyl acrylate or methacrylate, ethyl acrylate or methacrylate' 
a P 3, aCry atC T methaCryla,e ' bUtyl acry, ate or methacrylate, octy, acrylate or methacry.ate, dodecy, achate or me h 
dimSi ^ ; a 7 , ^ methaCry,ate ' behenyl ac -V'a'e or methacrylate, 2-e,hy.hexyl acrylate or methacrylate, 
k T ' aCrV te ° r methacrylate ' and diethylaminoethyl acrylate or methacrylate; and olefin monomers 
such as butadiene, isoprene, cyclohexene, acrylo- or methacrylonitri.e and acrylic acid amide, any of which may pref 
erably be used. Any of these polymerizable monomers may be used alone, or commonly used in the form of an , ap- 
propriate m.xture of monomers so mixed that the theoretical glass transition temperature (Tg) as described in a pub- 
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lication POLYMER HANDBOOK, 2nd Edition, III pp. 139-1 92 (John Wiley & Sons, Inc.) ranges from 40 to 80°C. tf the 
theoretical glass transition temperature is lower than 40°C, problems may arise in respect of storage stability of toner 
or running stability of developer. If on the other hand it is higher than 80*0, the fixing point of the toner may become 
higher. Especially in the case of toners for full-color images, the color mixing performance of the respective color toners 

5 at the time of fixing may be insufficient, resulting in a poor color reproducibility, and also the transparency of OHP 
images may seriously lower. Thus, such temperatures are not preferable from the viewpoint of high image quality. 
[0143] In the method of obtaining the toner particles by polymerization, from the viewpoint of making the polymeriz- 
able monomers undergo polymerization reaction without inhibition, it is especially preferable to add a polar resin si- 
multaneously. As the polar resin used in the present invention, copolymers of styrene with acrylic or methacrylic acid, 

io maleic acid copolymers, polyester resins and epoxy resins may preferably be used. The polar resin may particularly 
preferably be those not containing in the molecule any unsaturated groups that may react with polymerizable mono- 
mers. 

[0144] As the polymerization initiator used in the present invention, it may include, e.g., azo type polymerization 
initiators such as 2,2 , -azobis-(2,4-dimethylvaleronitrile), 2,2'-azobisisobutyronitrile, 1 ,1'-azobis-(cyclohexane-1-car- 
15 bonitrile), 2,2'-azobis-4-methoxy-2,4-dimethylvaleronitrile and azobisisobutyronitrile; and peroxide type polymerization 
initiators such as benzoyl peroxide, methyl ethyl ketone peroxide, ditsopropylperoxy carbonate, cumene hydroperoxide, 
2,4-dichlorobenzoyl peroxide and lauroyl peroxide. 

[0145] The particle size distribution and particle diameter of the toner particles may be controlled by a method in 
which the type or amount of a slightly water-soluble inorganic salt or a dispersant having the action of protective colloids 
20 is changed: or a method in which mechanical device conditions, e.g. , agitation conditions such as the peripheral speed 
of a rotor, pass times and the shape of agitating blades and the shape of a reaction vessel or the concentration of solid 
matter in the aqueous medium are controlled. 

[0146] In the present invention, the toner particles may have a core/shell structure wherein shells are formed of a 
polymer synthesized by polymerization and cores are formed of a low-softening substance. This is preferable because 
25 the fixing performance of the toner can be improved without damaging its blocking resistance and also residual mon- 
omers can be removed from toner particles with ease. 

[0147] As a specific method of confirming the core/shell structure of the toner particles, the toner particles are well 
dispersed in a room temperature curing epoxy resin, followed by curing in an environment of temperature 40°C for 2 
days ; and the cured product obtained is dyed with triruthenium tetraoxide optionally in combination with triosmium 
30 tetraoxide, thereafter samples are cut out in slices by means of a microtome having a diamond cutter to observe the 
cross-sectional form of toner particles using a transmission electron microscope (TEM). In the present invention, it is 
preferable to use the triruthenium tetraoxide dyeing method in orderto form a contrast between the materials by utilizing 
some difference in crystallinity between the low-softening substance constituting the core and the resin constituting 
the shell. 

35 [0148] The toner of the present invention may be used as a one-component developer having the toner, or the toner 
may be blended with a carrier so as to be used as a two-component developer. 

[0149] In the case when the toner of the present invention is used as the two-component developer, the carrier may 
include, e.g., particles of magnetic metals such as surface-oxidized or unoxidized iron, nickel, copper, zinc : cobalt, 
manganese, chromium and rare earth elements, and alloys or oxides thereof, and ferrite, any of which may be used. 

40 There are no particular limitations on methods for its production. 

[0150] For the purpose of charge control and so forth, it is also preferable to coat the surfaces of the carrier particles 
with a coat material having a resin. As methods therefor, any conventionally known methods may be used, e.g., a 
method in which the coat material having a resin is dissolved or suspended in a solvent and then coated to make it 
adhere to carrier particles, or a method in which it is blended merely in the form of a powder. In order to make coat 

45 layers stable, preferred is the method in which the coat material is dissolved in a solvent and then coated. 

[01 51 ] The coat material to be coated on the carrier particle surfaces may differ depending on the materials for toners. 
It may include, e.g., but not necessarily limited to, aminoacrylate resins, acrylic resins, copolymers of any of these 
resins with styrene resins; and silicone resins, polyester resins, fluorine resins : polytetrafluoroethylene, monochlorot- 
rifluoroethylene polymers and polyvinylidene fluoride; any of which may preferably be used. The coating weight of any 

50 of these compounds may appropriately be determined so as to satisfy charge-providing performance of the carrier, 
and may usually be in the range of from 0. 1 to 30% by weight, and preferably from 0.3 to 20% by weight, in total, based 
on the weight of the carrier. 

[0152] Materials for the carrier used in the present invention may typically include ferrite particles having composition 
of 98% or more of Cu-Zn-Fe [compositional ratio: (5 to 20): (5 to 20):(30 to 80)], and there are no particular limitations 
55 so long as its performance is not damaged. It may also be in the form of, e.g., a resin carrier constituted of a binder 
resin, a metal oxide and a magnetic metal oxide. 

[0153] When the carrier is blended with the toner particles, good results can be obtained when they are blended in 
such a proportion that the toner in the two-component developer is in a concentration of from 2 to 9% by weight, and 
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preferably from 3 to 8% by weight. If the toner concentration is less than 2% by weight, the image density tends to 
lower and become unfeasible for practical use. If i, is more than 9% by weight, fog and in-machine scatter may frequently 
occur to shorten the running lifetime of the developer. 

L° 154 i .iTT f ° rming methods and apparatus units which make use of the toner of the present invention will be 
described below with reference to the drawings. 

[0155] Figs. 1 and 8 illustrate schematically image forming apparatus in which a multiple toner image is one-time 
membe'r * m6diUm by the imaQe formins metnod of ,he P resent invention, using an intermediate transfer 

[0156] Fig. 1 illustrates schematically an image forming apparatus in which a multiple toner image ,s one-time trans- 
membe? * reC ° rd ' n9 m6diUm by the image ,ormin 9 method of the P resent invention, using an intermediate transfer 
[0157] A rotatable charging roller 2 as a charging member, to which a charging bias voltage has been applied is 

h ro a 2 fl rl C r?? 7 th t 1he , SUrfaCe °' 3 P ho,osensi,ive drum 1 as « latent image bearing member while rotating the 
charging roller 2, to effect uniform primary charging of the photosensitive drum surface. Then, a first electrostatic latent 
image .s formed on the photosensitive drum 1 by its exposure to laser light E emitted from a light-source L as an 
exposure means. The first electrostatic latent image thus formed ,s developed by the use of a black toner held in a 
black developing assembly 4Bk as a first developing assembly, to form a black toner image; the developing assemb.y 
be.ng provided ,n a rotatable rotary unit 4. The black toner image formed on the photosensitive drum 1 Ts primarily 
transferred electrostatically onto an intermediate transfer drum 5 by the action of a transfer bias voltage applied to a 
conductive support of the intermediate transfer member. Next, a second electrostatic latent image is formed on the 
surface of the photosensitive drum 1 in the same way as the above, and the rotary unit 4 is rotated to develop the 
second electrostatic latent image by the use of a yellow toner held in a yellow developing assembly 4Y as a second 
deve oping assembly, to form a yellow toner image. The yellow toner image is primarily transferred electrostatically 
onto the intermediate transfer drum 5 on which the black toner image has been transferred primarily. Similarly third 
and fourth electrostatic latent images are formed and, rotating the rotany unit 24, they are developed successively by 
he use of a magenta toner held in a magenta developing assembly 4M as a third developing assembly and a cyan 
toner held ,n a cyan developing assembly 4C as a fourth developing assembly, respectively, and the magenta toner 
image and cyan toner image formed are primarily transferred successively Thus, the respective color toner images 
are primarily transferred on the intermediate transfer drum 5. The toner images primarily transferred as a multiple toner 
image onto the intermediate transfer drum 5 are secondarily one-time transferred electrostatically onto a recording 
medium P by the action of a transfer bias voltage applied from a second transfer means 8 positioned on the opposite 
hit f v ?? r t e h COrd,n 9 medlum P The multiple <oner image secondarily transferred onto the recording medium P is 
heat-f xed to the recording medium P by means of a fixing means 3 having a heat roller 3a and a pressure roller 3b 
Transfer residual toner remaining on the surface of the photosensitive drum after transfer is collected by a cleaner 
hav.ng a cleaning blade coming in contact with the surface of the photosensitive drum 1 , thus the photosensitive drum 

IS Cl63nGQ. 

[0158] For the priman/ transfer from the photosensitive drum 1 to the intermediate transfer drum 5, a transfer electric 
, C r *nl h T b V applying a bias from a power source (not shown) to the conductive support of the intermediate 
transfer drum 5 serving as a first transfer means, thus the toner images can be transferred 

5b S 2cUcovT^ZT^ drUm 5 COmPnSeS 3 C ° ndUCtiVe SUPP ° rt 53 Wh ' Ch " 3 ri9ld b ° dy and an elaStic layer 
[0160] The conductive support 5a may be formed using a metal such as aluminum, iron, copper or stainless steel 
or a conductive resin with carbon or metal particles dispersed therein. As its shape, it may be a cylinder a cylinder 
through the center o( which a shaft is passed, or a cylinder reinforced on its inside 

e 'l St l C ^ yer 56 preferab| y be formed usin 9. b "« not particularly limited to, an elastomer rubber in- 
cluding styrene-butad.ene rubber, high styrene rubber, butadiene rubber, isoprene rubber, ethylene-propyelne copol- 
ymer, nrtnle butadiene rubber (NBR), chtoroprene rubber, butyl rubber, silicone rubber, fluororubber rile rubber 
urethane rubber, acrylic rubber, epichlorohydrin rubber and norbornane rubber. Resins such as polyolefin resins sili- 
~'" S ' f ' UOme resins " Polycarbonate resins, and copolymers or mixtures of any of these may also be used 
[0162] On the surface of the elastic layer, a surface layer may further be formed in which a highly lubricating and 
water-repellent lubricant powder has been dispersed in any desired binder. 

[0163] There are no particular limitations on the lubricant. Preferably usable are various fluororubbers fluoroelas- 
omers carbon f uorides comprising fluorine-bonded graphite, fluorine compounds such as polytetrafluoroethylene 
(PTFE), polyvinyhdene fluoride (PVDF), ethylene-tetrafluoroethylene copolymer (ETFE) and tetrafluoroethylene-per- 
fluoroalky vinyl ether copolymers (PFA), silicone compounds such as silicone resin particles, silicone rubbers and 
S anrepoTy'resmr < PE >. P°'ypr°pylene (PP), polystyrene (PS), acrylic resins, polyamide resins, phenol 

[0164] In the binder of the surface layer, a conducting agent may be added appropriately in order to control its re- 
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sistance. The conducting agent may include various conductive inorganic particles, carbon black, ionic conducting 
agents, conductive resins and conductive-particle-dispersed resins. 

[0165] The multiple toner image on the intermediate transfer drum 5 is secondarily one-time transferred onto the 
recording medium P by means of the second transfer means 8. Usable as the transfer means is a non-contact elec- 
5 trostatic transfer means making use of a corona charging assembly, or a contact electrostatic transfer means making 
use of a transfer roller or a transfer belt. 

[0166] As the fixing means 3, in place of the heat roller fixing means having a heat roller 3a and a pressure roller 
3b, a film heat-fixing means may be used which heat-fixes the multiple toner image onto the recording medium P by 
heating a film coming in contact with the toner images on the recording medium P and thereby heating the toner images 
10 on the recording medium P. 

[0167] In place of the intermediate transfer drum as the intermediate transfer member used in the image forming 
apparatus shown in Fig. 1 , an intermediate transfer belt may be used to one-time transfer the multiple toner image to 
the recording medium. Such an intermediate transfer belt is constituted as shown in Fig. 8. 

[0168] In the course the toner images formed and held on the photosensitive drum 1 pass a nip between the photo- 
ns sensitive drum 1 and an intermediate transfer belt 10, they are primarily transferred successively to the periphery of 
the intermediate transfer belt 1 0 by the aid of a primary transfer bias applied to the intermediate transfer belt 1 0 through 
a primary transfer roller 12. 

[0169] The primary transfer bias for the successive superimposing transfer of the first- to fourth-color toner images 
to the intermediate transfer belt 1 0 has a polarity opposite to that of the toner and is applied from a bias power source 1 4. 
20 [0170] Reference numeral 13b denotes a secondary transfer roller, which is supported axially in parallel to a sec- 
ondary transfer opposing roller 1 3a and is-so provided as to become separable from the bottom part of the intermediate 
transfer belt 10. 

[0171] In the step of the primary transfer of the first-to third-color toner images from the photosensitive drum 1 to the 
intermediate transfer belt 10, the secondary transfer roller 13b and an intermediate transfer belt cleaner 9 can stand 

25 apart from the intermediate transfer belt 10. 

[0172] To transfer to a recording medium P a synthesized full-color toner image transferred onto the intermediate 
transfer belt 10, the secondary transfer roller 1 3b is brought into contact with the intermediate transfer belt 10 and also 
the recording medium P is fed to the nip between the intermediate transfer belt 10 and the secondary transfer roller 
1 3b at a given timing, where a secondary transfer bias is applied from a bias power source 1 6 to the secondary transfer 

30 roller 13b. By the aid of this secondary transfer bias, the synthesized full-color toner image is secondarily transferred 
from the intermediate transfer belt 10 to the recording medium P. 

[0173] After the image transfer to the recording medium P is completed, a cleaning charging member 9 is brought 
into contact with the intermediate transfer belt 10, and a bias having a polarity opposite to that of the photosensitive 
drum 1 is applied from a bias power source 15, so that electric charges having a polarity opposite to that of the pho- 
35 tosensitive drum 1 are imparted to the toner (transfer residual toner) remaining on the intermediate transfer belt 10 
without being transferred to the recording medium P. 

[0174] The transfer residual toner is transferred electrostatically to the photosensitive drum 1 at the nip between the 
intermediate transfer belt 10 and the photosensitive drum 1 and in the vicinity thereof , thus the intermediate transfer 
belt 10 is cleaned. 

40 [0175] The intermediate transfer belt 10 comprises a beltlike base layer and a surfacing layer provided thereon. The 
surfacing layer may be constituted of a plurality of layers. 

[0176] In the base layer and the surfacing layer, rubber, elastomer or resin may be used. For example, as the rubber 
and the elastomer, usable are one or more materials selected from the group consisting of natural rubber, isoprene 
rubber, styrene-butadiene rubber, butadiene rubber, butyl rubber, ethylene-propylene rubber, ethylene-propylene co- 

45 polymer, chloroprene rubber, chlorosulfonated polyethylene ; chlorinated polyethylene, acrylonitrile butadiene rubber, 
urethane rubber, syndioctactic 1 ,2-polybutadiene, epichlorohydrin rubber, acrylic rubber, silicone rubber, fluororubber, 
polysulfide rubbers, polynorbornane rubber, hydrogenated rubbers, and thermoplastic elastomers (e.g., polystyrene 
type, polyolefin type, polyvinyl chloride type, polyurethane type, polyamide type, polyester type and fluorine resin type 
elastomers), but not limited to these materials. As the resin, resins such as polyolefin resins, silicone resins, fluorine 

50 resins and polycarbonate resins may be used. Copolymers or mixtures of any of these resins may also be used. 

[0177] As the base layer, any of the above rubbers, elastomers and resins formed into films may be used. A core 
material layer having the form of woven fabric, nonwoven fabric, yarn or film on one side or both sides of which any of 
the above rubbers, elastomers and resins is coated, soaked or sprayed may also be used. 

[0178] As materials constituting the core material layer, usable are one or more materials selected from the group 
55 consisting of, e.g., natural fibers such as cotton, silk and linen; regenerated fibers such as chitin fiber, alginic acid fiber 
and regenerated cellulose fiber; semisynthetic fibers such as acetate fiber; synthetic fibers such as polyester fiber, 
nylon fiber, acrylic fiber, polyolefin fiber, polyvinyl alcohol fiber, polyvinyl chloride fiber, polyvinylidene chloride fiber, 
polyurethane fiber, poly alkylparaoxybenzoate fiber, polyacetal fiber, aramid fiber, polyfluoroethylene fiber and phenol 
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SSr LT 9a M iC 7, & T 35 Carb ° n fibSr ' 9 ' aSS fibSr b0fOn fiber; and metal fibers such as «ber and copper 
fiber i but not limited to these materials of course 

^ttoint a A n S£Si2 TT,? y TK rther 66 add6d ,0 the baSS ' ayer and surfacin9 ,a * er in order to ^ resistivrty 
s oil or f f^' h ! re n ° PartlCU ' ar ' imi,ationS 0n the inducting agent. For example, usable are 
s one or more agents selected from the group consisting of carbon oowder m«tai nn^rc =, «„ . 

powder metal oxides such as titanium oxide, and conductive polymeric compounds such^s'quTtemai^mm^^m- 

SEEEr"? P Vl me,haCry,a,e ' P0lyvin V aniline ' P o| y^Vl pyrrole, polydiacetylene, polyethyleneim.ne, boron- 

contammg polymeric compounds, and polypyrrole, but not limited to these conducting agents 

10 fts ^nsfe'r peTvlncl ° Pt '° na " y * * ^ t0 ^ ***** ° f ^ in,ermediate transfer belt to improve 

fomJrl I h h re "h PartiCU,ar limitations on ,he lubricant Preferably usable are various fluororubbers, fluoroelas- 
omers ca bon fluorides comprising fluorine-bonded graphite, fluorine compounds such as polytetrafluoroethylene 
lulma L P , T7 T B T (PVDF) ' eth y |ene ^trafluoroe.hy.ene copolymer (ETFE) and tetrafluoroethy.ene per- 
ISZL T C t 0 ^™ rs ( PFA )' silic °^ compounds such as silicone resin particles, silicone rubbers and 

tTs ^^T ( 1 P ° lyPrOPylene (PP) ' P °' yStyrene < PS >' a -y |ic -sins, polyamide reams, phenol 

SI!?' 'Tf T me,h ° d Wi " bG deSCnb8d With re,erence to Fj 9 2 > ln wnich toner images of different colors 

whi. Zt ' ? h 3 P amy °' ima9e ,0rmin9 SGCti0nS and they are transferred to the same transfer medium 
while superimposing them successively. 

[0183] In this method, first, second, third and fourth image forming sections 29a, 29b, 29c and 29d are arranged 

r 19 ; ma ^ 

2te 23H T 2 h i Pb h H iVe ? UmS ' 9at ° 19d are P rovided ^nd their peripheries with latent image forming means 
23a, 23b, 23c and 23d, develop.ng means 1 7a, 1 7b, 1 7c and 1 7d, transfer discharging means 24a, 24b, 24c and 24d 
25 and cleaning means 18a, 18b, 18c and 18d, respectively. ' 

l ZT SUCh COnSti,Ulion ' first ' on the Photosensitive drum 1 9a of the first image forming section 29a, for ex- 

ample^ yelow component color latent image is formed by the latent image forming means 23a. This latent image is 

~h ; ° 3 lma9e (, ° ner image) by USS ° f 3 deVe, ° per haVin 9 3 y ellow of ^ developing means 

30 24a ' ma9e " tranSfSrred ,0 3 trans,er medium S, a recording medium, by means of the transfer means 

[0186] In the course the yellow toner image is transferred to the transfer medium S as described above in the second 
image form.ng section 29b a magenta component color latent image is formed on the photosensitive drum 19b and 

h SSS ' COnVe r^ 5? 3 ViSib ' e image (a t0ner im39e) by the USe °< a deve, °P er ha ™9 a magenta toner of 
the develop ng means 17b. Th.s visible image (magenta toner image) is transferred superimposing* to a preset position 
of the trans er medium S when the transfer medium S on which the transfer in the first image forming section 29a has 
been completed is transported to the transfer means 24d. 

fh ) irH^nH^ b rt r Uently , in ^ ^ "^"^ aS described above - and black color toner images are formed in the 
TanJ^rtT ' ma9e T' ng ! eCt ' 0nS 29C ^ 29d ' res P ec,lve V, and the cyan and black color toner images are 
a n2 h Uper ' mD ° S,n9ly t0 ,he Same ,ranS,er medium S U P° n completion of such an image forming process the 
Thus a ! r, ' S ,ranSP ° rt h ed 10 3 fixi "9 section 22 ' wh *re ^ toner images on the transfer medium S are fixed 
InH i'qh m ult, " co ' or lma 9 e « gained on the transfer medium S. The respective photosensitive drums 19a, 19b 19c 
and 19d on wh.ch the transfer has been completed are cleaned by the cleaning means 18a, 18b 18c and 18d resoec- 
m««i TT 6 ^ remaining ,oner ' and are served ° n the next latent image formation subsequently carried out 
[0188] In the above .mage forming apparatus, a transport belt 25 is used to transport the recording medium the 

n thf IZZ , ,h f V ' eWed ^ R9 2 ' tranSfer m9diUm S iS ,ranS P° rted ,rom right s.de to the let, side, and 
n the course of this transport, passes through the respective transfer means 24a, 24b, 24c and 24d of the imaae 
forming sections 29a, 29b, 29c and 29d, respectively. 9 
[0189] In this image forming method, as a transport means for transporting the transfer medium, a transport belt 
IZZTf ITfl ° f Tet ° r0n and 3 tranSP ° r1 b6lt com Pri^d of a thin dielectric sheet made of a poly- 

ene SabZ reS ' n ' ' P '"^ °' * ^ are USSd ff ° m ,he VieW P oint of readiness ln ™« "9 

Af, T ,he '^"o^ T diUm S haS P assed trough the fourth imageforming section 29d, an AC voltage isapplied 
o a charge ehmmator 20, whereupon the transfer medium S is des.aticized, separated from the belt 68, thereafter sent 
nto a f,x,ng assembly 22 where the toner images are fixed, and finally sent out through a paper outlet 26 

mlnJJr ,ma f '° rming me,h ° d ' the ima9e f ° rming SeC,ions are P rovid6d with respectively independent latent 
image bearing members, and the transfer medium may be so made as to be sent successively to the transfer zones 
of the respect.ve latent image bearing members by a belt type transport means 

[0192] In th.s .mage forming method, a latent image bearing member common to the respective image forming sec- 
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tions may be provided, and the transfer medium may be so made as to be sent repeatedly to the transfer zone of the 
latent image bearing member by a drum type transport means so that the toner images of the respective colors are 
received there. 

[01 93] Since, however, the transfer belt has a high volume resistivity, the transport belt continues to increase charge 
s quantity in the course the transfer is repeated several times, as in the case of color image forming apparatus. Hence, 
no uniform transfer can not be maintained unless the transfer electric currents are made greater successively at every 
transfer. 

[0194] The toner of the present invention has so good a transfer performance that the transfer performance of the 
toner at every transfer can be made uniform under the like transfer electric currents even if the charging of the charging 
io means has increased at every repetition of transfer, so that images with a good quality and a high quality level can be 
obtained. 

[0195] An image forming method for forming full-color images according to another embodiment will further be de- 
scribed with reference to Fig. 3. 

[01 96] An electrostatic latent image formed on a photosensitive drum 33 through a suitable means is rendered visible 
15 by a first developer held in a developing assembly 36 serving as a developing means, attached to a rotary developing 
unit 39 which is rotated in the direction of an arrow. The color toner image (the first color) thus formed on the photo- 
sensitive drum 33 is transferred by means of a transfer charging assembly 44 to a transfer medium, a recording medium 
S, held on a transfer drum 48 by a gripper 47. Transfer residual toner remaining on the surface of the photosensitive 
drum 33 after transfer is collected by a cleaner having a cleaning blade coming in contact with the surface of the 
20 photosensitive drum 33, thus the photosensitive drum 33 is cleaned. 

[0197] In the transfer charging assembly 44, a corona charging assembly or a contact transfer charging assembly 
is used. In the case when the corona charging assembly is used in the transfer charging assembly 44, a voltage of -10 
kV to +10 kV is applied, and transfer electric currents are set at -500 u.A to +500 uA. On the periphery of the transfer 
drum 48, a holding member is provided. This holding member is formed of a film-like dielectric sheet such as polyvi- 
25 nylidene fluoride resin film or polyethylene terephthalate film. For example, a sheet with a thickness of from 100 u.m 
to 200 u.m and a volume resistivity of from 10 12 to 10 14 Qcm is used. 

[0198] Next, for the second color, the rotary developing unit is rotated until a developing assembly 35 faces the 
photosensitive drum 33. Then, a second-color latent image is developed by a second developer held in the developing 
assembly 35, and the color toner image thus formed is also transferred superimposingly to the same transfer medium, 

30 the recording medium S, as the above. 

[0199] Similar operation is also repeated for the third and fourth colors. Thus, the transfer drum 48 is rotated given 
times while the transfer medium, the recording medium S, is kept being gripped thereon : so that the toner images 
corresponding to the number of given colors are multiple-transferred to the recording medium. Transfer electric currents 
for electrostatic transfer may preferably be made greater in the order of first color, second color, third color and fourth 

35 color so that the toners may less remain on the photosensitive drum after transfer. 

[0200] Meanwhile, high transfer electric currents are not preferable because the images being transferred may be 
disordered. Since, however, the toner of the present invention has a superior transfer performance, the second, third 
and fourth color images to be multiple-transferred can be transferred surely. Hence, images of any turn of colors are 
formed neatly, and a multi-color image with sharp tones can be obtained. Also, in full-color images, beautiful images 

40 with a superior color reproduction can be obtained. Moreover, since it is no longer necessary to make the transfer 
electric currents great so much, the image disorder in the transfer step can be made less occur. When the recording 
medium S is separated from the transfer drum 48, charges are eliminated by means of a separation charging assembly 
45, where the recording medium S may greatly be attracted electrostatically to the transfer drum if the transfer electric 
currents are great, and the transfer medium can not be separated unless the electric currents at the time of separation 

45 are made greater. If made greater, since such electric currents have a polarity reverse to that of the transfer electric 
currents, the toner images may be disordered, or the toners may scatter from the transfer medium to contaminate the 
inside of the image forming apparatus. Since the toner of the present invention can be transferred with ease, the transfer 
medium can be readily separated without making the separation electric currents greater, so that the image disorder 
and toner scatter at the time of separation can be prevented. Hence, the toner of the present invention can be used 

50 preferably especially in the image forming method that forms multi-color images or full-color images, having the step 
of multiple transfer. 

[0201] The recording medium S on which the multiple transfer has been completed is separated from the transfer 
drum 48 by means of the separation charging assembly 45. Then the toner images held thereon are fixed by means 
of a heat-pressure roller fixing assembly 3 having a web impregnated with silicone oil, and color-additively mixed at 
55 the time of fixing, whereupon a full-color copied image is formed. 

[0202] A multiple development one-time transfer method will be described with reference to Fig. 4, taking an example 
of a full-color image forming apparatus. 

[0203] Electrostatic latent images formed on a photosensitive drum 103 by a charging assembly 102 and an exposure 
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2 rtTJo m 9 "I! ° f ' aSer M9ht iS r6ndered Visible by development successively carried out using toners by means 
Ihl T 9 aSSemb " eS 1 ° 4 ' 105 ' 106 and m the developing process, non contact developments used pref 

X itirr *"^ deVe ' OPer laVer f ° rmed " ' he d6VelopinQ assemb| V Soes no rub on he 
S °' ,be ' ma9e fo "™9 member photosensitive drum 103, and hence the developing can be carried out without 
disorder of the image formed in the preceding develooino sten in th« sem nH ^ ... ° 

EEL 7 ? t0 H ner TnT 3 mU,,i - COl ° r ima9e ° r ful '--'°-^e ^i^'b^^^S^ the 
photosens live drum 1 03 are transferred to a transfer medium, a recording medium S by means of a transte chara no 

fractal 1 V^TTl ^ e,eC,rosta,ic «• preferably where corona d^a^SSe^™ 

tract transfer ,s utrtizecl The former corona discharging transfer is a method in which a transfer charging Assembly 109 

medumsteL^ 

medium S between them, and corona discharge is acted on the back of the recording medium to transfer the ton^r 

onZ wKh ;S ta^e to'* ^ "T* " 3 ^ h *** 3 U3nSfer ^ ° r ^SS^^Z 

con act with the image form.ng member photosensitive drum 103 and then the toner images are transferred while 

applying a b.as to the roller, or by electrostatic charging from the back of the belt, interposhgTe tlS^^S 

recordmg medium S between them. By such an electrostatic transfer, the multi-co.or toner image he d on me ph^ 

sens five drum 1 03 ,s transferred a. one time to the transfer medium, the recording medium S Since in such a one 

ZlnoLT™ ,0nerS tfanSferred are " 3 ' ar9e qUan,i,y ' ,he ,0ners ™* — in a ge q t a ° 
SS? h . aUSe n ° n - Un,f0rm ,ransfer and ' in «fe full-co,or image, tend to cause color non-uniformfty 

So,oM ' rr °' PfeSent inVemi0n haS S ° 9 ° 0d a ,ransfer Performance tha, any color imTges of the 

bTobJainld ^ T neally ' ,U "- C0,0r ima9eS ' beaUliful ima 9 es wilh a *"P°"°< «** reproduction can 

be obtained^ Moreover, since the tone, can be transferred in a good efficiency even under a low electric current the 

^^triimTo^T 3 ' 6 T "™ * e M ° ™ d ^™ be -pait^wth ^se^er 

scatter at the time of separation can be made less occur. Also, because of a superior reusability a good transfer 
Performance can be exhibited in the contact transfer means. Hence, the toner of the present inven ion can be -ed 

rSd? th ' n *? ' ma9e f ° rmin9 meth ° d haVin9 ,hG S,SP ° f mU,ti P ,G ' ma 9° transfer 
r?m!L h , fSCO ,' n9 T^'^ S ° n WhiCh thS mul,i - color ^er image has been transferred at one time is separated 

Z ZTlTs^ZTV ^ ^ mSanS ° f 3 S6Para,i0n Char9i " 9 aSSemb, y 1 1 2 ' and then ^ means of a heS 
roller fixing assembly 1 1 2, whereupon a multi-color image is formed 

SneMO^hXinnfHir 6 ' mT^ 9 °" ^ ° f ^ P hotosensi,iv e drum 1 03 after transfer is collected by 

1 thus L nho. 9 r 7 9 I S ° Pr ° Vided ' COmS in C ° n,aCt Wi,h the surface of photosensitive drum 
1 thus the photosensitive drum 103 is cleaned. The cleaning blade of the cleaner 108 stands apart from the surface 

loJwh'en^T 9 dfUm 103dUrinQ S ' andby ' 8nd " m ° Vable S ° aS 10 COme in with theXtoS^dmm 

103 when the toner images are transferred to the transfer medium, recording medium S, from the photosensitive dZ 

[0208] Fig. 5 illustrates an image apparatus employing a transfer belt as a secondary transfer means when four color 

t™? 1 th f appara,US Sys,em shown in Fi 9- 5, a developer having a cyan toner, a developer having a magenta 

244 244^ a a nTL4!r l, r 0 e:o ,0n , er T%t T^*' ^ 3 M ™ ° Ut int0 ^elop^a^semblS 
del ooi to t and . 244 - 4 ' res P^t.vely. Electrostatic latent images formed on a photosensitive member 241 are 
t0ne l/ ma 9 es of respective colors on the photosensitive member 241 . The photosensitive member 
CdS Zn O OPCo asf 2 ^T^T™ ^ 3 photocond -'- bating materia, layer formed of a S 
Siof As Se nhof r ph ° {OS t ns,t,ve member 241 is driven rotatingly by means of a drive system (not shown) 

EL^ o™T^nT e r m T er 24 '' 3 photosensi,ive me ^ber hav.ng an amorphous silicon photosensitive 
layer or an organic photosensitive layer is used preferably 

[0211] The organic photosensitive layer may be of a single-layer type in which the photosensitive layer contains a 
charge generating material and a charge transporting material in the same layer, or may be 2 C e 

s P enSt e e n ^e:': yer ? & ^ ^ ^ » ^ layer A nJ£?£££ 

the cnaroLTJ ^T^ 9 3 substrate and formed superposingly thereon the charge generation layer and 

the charge transport layer in this order is one of preferred examples Y 
[0212] As binder resins for the organic photosensitive layer, polycarbonate resins, polyester resins or acrylic resins 
adhl^ono 9 ?h tr r Sfer Perf ° rmance and clea ™9 performance, and may hardly cause faulty Leaning m" 
adhesion of toner to the photosensitive member and filming of external additives eaning, melt 

[0213] The step of charging has a system making use of a corona charging assembly and being in non^ontact with 
Tre P co 0 n°, S M S,tlVe mb6r ' " 3 C ° n,aCt tyPe SyS,6m makin9 USe ° f a - the like. Either sy tern rna^ be sed 
^sX^d^^^ 5 IS Prefer3b,y S ° 3S 10 — — - -form -n*i"^S 

[021 4] A charging roller 242 is constituted basica.ly of a mandrel 242b and a conductive elastic layer 242a that forms 



20 

BNSDOCID: <EP 0933685A1 I > 



EP 0 933 685 A1 



the periphery of the former. The charging roller 242 is brought into pressure contact with the surface of the photosen- 
sitive member 241 and is rotated followingly as the photosensitive member 241 is rotated. 

[0215] When the charging roller is used, the charging process may preferably be performed under conditions of a 

roller contact pressure of 5 to 500 g/cm, and an AC voltage of 0.5 to 5 kVpp, an AC frequency of 50 Hz to 5 kHz and 
5 a DC voltage of plus-minus 0.2 to plus-minus 1 .5 kV when a voltage formed by superimposing an AC voltage on a DC 

voltage, and a DC voltage of from plus-minus 0.2 to plus-minus 5 kV when a DC voltage is used. 

[0216] As a charging means other than the charging roller, there is a method making use of a charging blade and a 

method making use of a conductive brush. These contact charging means have the effect of, e.g., making high voltage 

unnecessary and making ozone less occur. 
to [0217] The charging roller and charging blade as contact charging means may preferably be made of a conductive 

rubber, and a release coat may be provided on its surface. The release coat may be formed of a nylon resin, PVDF 

(polyvinylidene fluoride) or PVDC (polyvinylidene chloride), any of which may be used. 

[0218] The toner image on the photosensitive member 241 is transferred to an intermediate transfer drum 245 to 
which a voltage (e.g., plus-minus 0.1 to plus-minus 5 kV) is applied. The surface of the photosensitive member 241 is 
is cleaned by a cleaning means 249 having a cleaning blade 248. 

[0219] The intermediate transfer drum 245 is comprised of a pipe-like conductive mandrel 245b and a medium- 
resistance elastic material layer 245a formed on its periphery. The mandrel 245b may comprise a plastic pipe provided 
thereon with a conductive coating. 

[0220] The medium-resistance elastic material layer 245a is a solid or foamed-material layer made of an elastic 
20 material such as silicone rubber Teflon rubber, chioroprene rubber, urethane rubber or EPDM (ethylene-propylene- 
diene terpolymer) in which a conductivity-providing agent such as carbon black, zinc oxide, tin oxide or silicon carbide 
has been mixed and dispersed to adjust electrical resistance (volume resistivity) to a medium resistance of from 10 s 
to 10 11 i^-cm. 

[0221] The intermediate transfer drum 245 is provided in contact with the bottom part of the photosensitive member 
25 241 , being axially supported in parallel to the photosensitive member 241 , and is driven rotatingly at the same peripheral 
speed as the photosensitive member 241 in the anti-clockwise direction as shown by an arrow. 

[0222] The first-color cyan toner image formed and held on the surface of the photosensitive member 241 is, in the 
course where it is passed through the transfer nip portion where the photosensitive member 241 and the intermediate 
transfer drum 245 come into contact, transferred intermediately sequencially to the periphery of the intermediate trans- 
30 f er drum 245 by the aid of the electric filed formed at the transfer nip portion by a transfer bias applied to the intermediate 
transfer drum 245. 

[0223] If necessary, after the toner image has been transferred to the transfer medium, the surface of the intermediate 
transfer drum 245 may be cleaned by a cleaning means which can become contact with or separate from it. When the 
toner is present on the intermediate transfer drum 245, the cleaning means is separated from the surface of the inter- 

35 mediate transfer drum so that the toner image is not disturbed. 

[0224] A transfer means 247 is provided in contact with the bottom part of the intermediate transfer drum 245, being 
axially supported in parallel to the intermediate transfer drum 245. The transfer means 247 is, e.g., a transfer roller or 
a transfer belt, and is driven rotatingly at the same peripheral speed as the intermediate transfer drum 245 in the 
clockwise direction as shown by an arrow. The transfer means may be so provided that it comes into direct contact 

40 with the intermediate transfer drum, or may be so disposed that a belt or the like comes into contact with, and between, 
the intermediate transfer drum and the transfer means. 

[0225] In the case of the transfer roller, it is constituted basically of a mandrel at the center and a conductive elastic 
layer that forms the periphery of the former. 

[0226] The intermediate transfer drum and the transfer roller may be formed of commonly available materials. The 
45 elastic layer of the transfer roller may be made to have a volume resistivity set smaller than the volume resistivity of 
the elastic layer of the intermediate transfer drum, whereby the voltage applied to the transfer roller can be lessened, 
good toner images can be formed on the transfer medium and also the transfer medium can be prevented from being 
wound around the intermediate transfer drum. In particular, the elastic layer of the intermediate transfer drum may 
preferably have a volume resistivity at least 10 times the volume resistivity of the elastic layer of the transfer roller. 
so [0227] The hardness of the intermediate transfer drum and transfer roller is measured according to JIS K-6301 . The 
intermediate transfer drum used in the present invention may preferably be constituted of an elastic layer with a hard- 
ness in the range of from 10 to 40 degrees. As for the hardness of the transfer roller, the transfer roller may preferably 
have an elastic layer with a hardness higher than the hardness of the elastic layer of the intermediate transfer drum 
and has a value of from 41 to 80 degrees, in order to prevent the transfer medium from being wound around the 
55 intermediate transfer drum. If the intermediate transfer drum and the transfer roller have a reverse hardness, a concave 
may be formed on the transfer roller side to tend to cause the transfer medium to wind around the intermediate transfer 
drum. 

[0228] As shown in Fig. 5, a transfer belt 247 is provided beneath the intermediate transfer drum 245. The transfer 
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r Z r Zy T ° Ver ,W ° r0 " erS Pr ° Vided in Parallel 10 the axis of the intermediate transfer drum 245 i e a bias 
rol ler 247a and a tens.on roller 247c, and is driven by a drive means (no. shown) The transfer belt 247^s so construe ed 

TcanLT '? th , 6 di K eCt '° nS ° f an 3rrOW ° n ,he SidS °' the bias raller 2473 a~"nd the ,e o roHe 2^so that 
rt can become contact w,th or separate from the intermediate transfer drum 245 upward or downward in the direction 
oi me arrow, lo the bias roller 247a, a desired seconds™ tran.^f Ar 

247d. As for the tension roller 247c, it is ground r """~ ° ™ ,ua '* Dias sour ce 

S o The r ?n P °ef Z V? discrS^ ^ ? 3 ^ °' 8 ° ™ '° n9 ^ 3 °° ™ Wide in « ^ 
SS 247a "and ten^ "o.ler 247c " " ^ * ab ° Ut 5% * ^ ^'^ » V fte ^ ° f the biaS 

SS2 , ThS I™,!' ^ b o 11 247 iS r ° tated 3t 3 Speed ec ' ual lo ' or made differ ent from, the peripheral speed of the inter 

thS^^^nS* 5 - ,ranSf f ' m6diUm ^ " tranSP ° rted bStWeen thS intermedia ^ transfer drum 245 and 
247 fom 1 1 f k ^ultaneously a bias with a polarity reverse to that of the toner is applied to the transfer beS 

foth::^ - ~ — «« - — transform 245 is £T2 

[0232] A rotating member for transfer may be made of the same material as used in the charqino roller The tran^fpr 

powe source. As b.as cond.tions, a voltage of from plus-minus 0.2 to plus-minus 10 kV is preUed 9 
EE y ' ,ranS,er mediUm 246 iS ,rans P° rted to a fixing assembly 281 constituted basically of a heat 
into contact therewith under pressure, and IS passed between the heat roller and the pressure roller thus th* tJ,J 

t02 ,?L 1° devel °P in 9 a PParatus (developing assemblies) shown in Figs. 1 to 5 it is possible to aoolv either 

JSSLf 1 7 T ° P ' ng aSSemb ' y 170 haS 3 devel °P in 9 171 for holding the one-component non-maqnetic 

nnn lTn , J* 1 n0n " ma 9 netic tone ^ a developer carrying member 1 72 for carrying thereon the one ^component 
roTerTy 9 , f C f T°T 1 76 he ' d ^ develo P in 9 contai ™ 1 71 and for transporting itTo the develop^ 'zonT^ "eed 
Nadl 174 1 ,e TV Ue 0ne ^ om P° nent non-magnetic developer onto the the developer carrying memLr an ebstlc 

0 fhe dPv ? 3 ° Per l8yer thiCkn6SS re9U,a,ln9 member for re 9 u,a "n9 the thbkness of a developer layer formed 
vXr^eS^evTp^ 

SS?L r? 6 ^ 09 T mera ' 169 den ° ,eS 3 l8,ent ima9e bearin 9 comber for holding thereon electrostatic latent im- 
ages^ wh.ch the electrostatic latent ,mages are formed by an electrophotographic processing means or eieJZ taTfc 
recording means (not shown). Reference numeral 1 72 denotes a developing , sleeve serving a^Z^T™^ 
SSS " T a T Pn8ed ° f 3 non " ma 9 ne ^ Sleeve made of aluminum or stainless steel P ^ 9 

Sbe nrenrr r 0 h P '"^ T * ^ * C ' Ude pipe ° f aluminum or Unless as it is, and may pref- 

erably be prepared by spray.ng glass beads on it to rough the surface uniformly, by mirror-finishing its surface or bv 
coanng its surface with a resin. In particular, the method of coating the sleeve surface with a "sin mav ore erabl be 

01 T^T: TT' adjUS ' ment ° f ,he SUdaCe r -9hness 9 and conductivity of the slee eTnd easy mpartation 
of a lubricty to the sleeve surface by dispersing various panicles in the resin V ' mparta,, ° n 

f^ht ! Th ! re ,r n ° particular Citations on the resin used to coat the sleeve surface and the various particles added 
to the resm. As the resm, preferably usable are thermoplastic resins such as styrene resin, vinyl rc^ p^Ze^e 
resin polycarbonate resin, polyphenylene ox.de resin, polyamide resin, fluorine resin, ce u.ose re^an ^acry ic resin 

oofvlr 0 " ^ Ph0t0Se,,in9 resins such a ^ -Poxy resin, polyester resin, alkyd resin, phenol resin melamTne n 
polyurethane res.n, urea res.n, silicone resin and polyimide resin meiam.ne resin, 

S1 1 Lh AS VafiOUS r^ 0163 ^ there, °' P referabl V ^able are particles of resins such as PMMA acrylic resin 
polybutad.ene resm, polystyrene resin, polyethylene, polypropylene, po,ybu,ad,ene, or a copolymer of any^; these! 
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benzoguanamine resin, phenol resin, polyamide resin, nylon, fluorine resin, silicone resin, epoxy resin and polyester 
resin; carbon blacks such as furnace black, lamp black, thermal black, acetylene black and channel black; metal oxides 
such as titanium oxide, tin oxide, zinc oxide, molybdenum oxide, potassium titanate, antimony oxide and indium oxide; 
metals such as aluminum, copper, silver and nickel; and inorganic fillers such as graphite, metal fiber and carbon fiber. 

5 [0242] The one-component non-magnetic developer 1 76 is reserved in the developing container 171 , and is fed onto 
the developer carrying member 173 by means of a feed roller 173. The feed roller 85 is comprised of a foamed material 
such as polyurethane foam, and is rotated at a relative speed that is not zero in the fair direction or adverse direction 
with respect to the developer carrying member so that the developer can be fed onto the developer carrying member 
and also the developer remaining on the developer carrying member after transfer (the developer not participated in 

io development) can be taken off. The one-component non-magnetic developer fed onto the developer carrying member 
172 is coated uniformly and in thin layer by means of the elastic blade 174 as a developer layer thickness regulating 
member. 

[0243] It is effective for the elastic coating blade to be brought into touch with the developer carrying member at a 
pressure of from 0.3 to 25 kg/m, and preferably from 0.5 to 12 kg/cm, as a linear pressure in the generatrix direction 

is of the developer carrying member. If the touch pressure is smaller than 0.3 kg/m, it is difficult to uniformly coat the one- 
component non-magnetic developer, resulting in a broad charge quantity distribution of the one-component non-mag- 
netic developer to cause fog or black spots around line images. If the touch pressure is greater than 25 kg/m, a great 
pressure is applied to the one-component non-magnetic developer to cause deterioration of the one-component non- 
magnetic developer and occurrence of agglomeration of the one-component non-magnetic developer, thus such a 

20 pressure is not preferable, and also not preferable because a great torque is required in order lo drive the developer 
carrying member. That is, the adjustment of the touch pressure to 0.3 to 25 kg/m makes it possible to effectively loosen 
the agglomeration of one-component non-magnetic developer and makes it possible to effect instantaneous rise of 
the charge quantity of one-component non-magnetic developer. 

[0244] As the elastic blade, usable are rubber elastic materials such as silicone rubber, urethane rubber and NBR, 
25 elastomers such as polyethylene terephthalate and polyamide, and metal elastic members such as stainless steel, 
steel and phosphor bronze. A composite of some of these may also be used. It may preferably be one comprising a 
metal sheet of stainless steel or phosphor bronze having a springiness on which a rubber material such as urethane 
or silicone rubber or an elastomer of various type such as polyamide elastomer is provided by injection molding. 
[0245] In this one-component non-magnetic development, in the system where the one-component non-magnetic 
30 developer is thin-layer coated on the developing sleeve by the blade, the thickness of the one-component non-magnetic 
developer on the developing sleeve may be made smaller than the gap a at which the developing sleeve and the latent 
image bearing member face and an alternating electric filed may be applied to this gap. This is preferable in order to 
obtain a sufficient image density. More specifically, a development bias formed of an alternating electric field or formed 
by superimposing a DC electric field on an alternating electric field may be applied across the developing sleeve 172 
35 and the latent image bearing member 1 69. This makes it easy for the one-component non-magnetic developer to move 
from the surface of the developing sleeve to the surface of the latent image bearing member, thus images with better 
quality can be obtained. 

[0246] In the present invention, the gap a between the latent image bearing member and the developer carrying 
member may preferably be set to be, e.g., from 50 to 500 jam, and the layer thickness of the developer layer carried 

40 on the developer carrying member, e.g., from 4 to 400 jam. 

[0247] The developing sleeve is rotated at a peripheral speed of from 100 to 200% with respect to the latent image 
bearing member. The alternating electric field may preferably be applied at a peak-to-peak voltage of 0. 1 kV or above, 
preferably from 0.2 to 3.0 kV, and more preferably from 0.3 to 2.0 kV. The alternating bias may be applied at a frequency 
of from 1.0 to 5.0 kHz, preferably from 1.0 to 3.0 kHz, and more preferably from 1.5 to 3.0 kHz. As the waveform of 

45 the alternating bias, rectangular waveform, sine waveform, sawtooth waveform and triangle waveform can be used. 
An asymmetrical AC bias having different time for which forward/backward voltages are applied may also be used. It 
is also preferable to superimpose a DC bias. 

[0248] A developing method making use of a two-component developer constituted of the toner of the present in- 
vention and a carrier will be described below with reference to a schematic view of its constitution as shown in Fig. 7. 
50 [0249] A developing assembly 120 has a developing container 126 for holding a two-component developer 128, a 
developing sleeve 121 as a developer carrying member for carrying thereon the two-component developer 128 held 
in the developing container 1 26 and for transporting it to the developing zone, and a developing blade 1 27 as a devel- 
oper layer thickness regulating means for regulating the layer thickness of a toner layer formed on the developing 
sleeve 121. 

55 [0250] The developing sleeve 1 21 is provided internally with a magnet 1 23 in its non-magnetic sleeve substrate 1 22. 
[0251] The inside of the developing container 126 is partitioned into a developing chamber (first chamber) R1 and 
an agitator chamber (second chamber) R2 by a partition wall 1 30. At the upper part of the agitator chamber R2, a toner 
storage chamber R3 is formed on the other side of the partition wall 1 30. The developer 1 28 is held in the developing 
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crZbe m a T n h d e ^ l,a,0r t Chambe h r ' and 3 replenishing toner (non-magnetic toner) 129 is held in the toner storage 
i rnnln h ? R3 iS Pr ° Vided W ' ,h 3 SUpply °P enin 9 131 so ,hat the replenishing toner 129 

oner c^umT 86 a9 ' tat ° r R2 ,h ° U9h *" SUPP ' V ° Pemn9 1 31 >" ,he quant,ty corresponding to the 



[0252] A transport screw 1 24 is provided in the develooinn rh^rnhpr ri Acth. tron. — * „ , o „ =- , 

Itv^Ts 1 f , he ' d , in deVe ' OP,n9 Chamb6r R1 

fatZVto ? ' m ?' 3 a . nSP ° rt SCreW 125 iS Pr ° Vided in the a9i,a, ° r Chamber R2 and ' as ^ e transport screw 125 is 

ESSJ^h I a Tt 9 K ^ PPed ,r ° m ,hS SUPP ' y ° pen,ng 131 in, ° the a 9 ita,or chamb *r R2 is transported in the 
longitudinal direction of the developing sleeve 121. h^'^u me 

Thl tZ\T' ? 3 tWO ; c c om P onent devel °P^r comprising a non-magnetic toner and a magnetic carrier 
£?H ttl h , deve, °P "9 con f ne r 126 is provided with an opening at its part adjacent to a photosensiL drum 119 

sleeve 121 T.Zll 7° ' T"* 8 ^ Where 3 ga P is tooned between the deveTop ng 

S?? « h 5l ^ nd t ^P ho,ose " s ' t »'f dr ""> US- Thedeveloping sleeve 121 . formedof a non-magneticmaterial. is provWeS 
with a bias applying means 1 32 for applying a bias voltage. piuv.oea 

J^Snf 7 S» n T gn0t I 0 " 6 ', SerV,n9 BS B maQne,iC fi6ld generating means fixed inside the developing sleeve 1 21 i e 
2£ si an™* ?T° 9ln9 ma9netiC PO ' e 31 ' 3 ma9netiC P ° ,e N3 P ° sitloned at its downstream, and magnetic 
fn Z^L * mJ ,ranSp0r,,n 9 the devel °P e r 128. The magnet 123 is provided inside the sleeve substrate 122 
in such a way that the developing magnetic pole SI faces the photosensitive drum 119. The developing magnetic pole 
SI orms a magnetic field in the vicinity of the developing zone defined between the developing stoeve 121 and I the 
photosensitive drum 119, where a magnetic brush is formed by the magnetic field 

^t^e^^^T"? blade , 1 27 PrOVid6d ab ° Ve ,he deve, °P in 9 sleev « 1 21 to control the layer thickness 
linltriT. th h " de ™ l °P'"S s,eeve 1 21 » rnade of a non-magnetic materia, such as aluminum or SUS 316 
1 i WO To nnn h TT °' ^ no ™9ne>ic blade 127 and the face of the developing sleeve 

121 is 300 to 1 ,000 M m, and preferably 400 to 900 nm. If this distance is smaller than 300 pm, the magnetic carrier 

"arrvinoou^ SJT *° ^ '° ^ deVe '° Pin9 ^ and also ,he *™top.r "oco saj o 

SthT.orde'nsitv Jd ° P T ° an ^ 69 C ° ated ° n SleSVe ' brm9in9 ab ° Ut ,hS P rob,em lhat onl V deve| 0Ped images 
Tn?£ f \T T Un9Venness Can be ob,ai " 6d In order to prevent uneven coating (what is called the blade 
Cog) due to unauthorized particles included in the developer, the distance may preferably be 400 pm or .arger If 7. is 
more than 1 ,000 pm or larger, the quantity of the developer coated on the developing sleeve 121 increases to enable 

z^:: 9 Tr oi ,he deve,oper ,ayer ,hickness ' bm9in9 about ,he ^ s ^ m^^^ss 

the nnn m «?^ rt ' ve I drUm 119 in a Kfg. quantity and also the circulation of the developer, the formation of 
he non-magnetic developer layer and the control of the developer by the blade 127 may become ineffective to tend 
to cause fog because of a shortage of triboelectricity of the toner -nenec.ive to tend 

[0257] The development by this two-component devebping assembly 120 may be carried out while applying an 

i^ZSSS^ T " SUC h h 3 Sta,e th3t 3 ma9ne,,C brUSh f ° rmed ° f ,he t0ner and the ^netic carrie Tomes 
«tto touch with the latent ,mage bearing member (e.g. a photosensitive drum) 119. Because of the contact of this 

magnate brush with the latent image bearing member, the transfer residual toner carried on the latent image beanna 

T^ZTZT^ 15 tak6n int ° ma9ne,iC bmSh and thSn C0 " eC,ed in ,he develo P-9 chamber R The c^nce, 
twee S m lv Z P Z TV 9 7™ ber (deve, °P in 9 sl ^ve) 121 and the photosensitive drum 119 (d.stance be^ 
ZTr Jr'^ > ^ I T Y ,r ° m 100 ,0 1 '° 00 ^ ThiS iS d9Sirable for Panting carrier adhesion and improving 
fmln! P H t ' ^ 93P ' S narr ° Wer ' han 1 00 ^ ,he devel °P er ,ends to be insufficiently fed, resulting in a tow 
image density. I rt » larger than 1 ,000 pm, the magnetic line of force from the magnet S1 may broaden to make the 

3n^a^ 

[0258] The alternating electric field may preferably be applied at a peak-to-peak voltage of from 500 to 5 000 V and 

T„ 500 to 10000 H2 ' and prererably ,rom 500 to 3 ' 000 Hz ' which ma y ea ^ be ameti 

Z^LT, " ' nStanCe ' WaVe, ° rm US6d may be SeleCted ,rom ,rian 9ular waveform, rectangular wavetorm 
sinusoidal waveform, or waveform with a varied duty ratio. If the applied voltage is tower than 500 V a sufficient Tmage 

qua* in some cases ^ ^ *° CaUSe 3 '° Weri "9 - image 

2 3 tw ° c ornPonent developer having a toner well charged enables application of a low fog takeoff 

voltage (Vback), and enables the photosensitive member to be low charged in its primary charging, thus the phoTo 
sensibve member can be made to have a longer lifetime. The Vback, which may depend on the development system 
may preferably be 150 V or below, and more preferably 100 V or below ' sysiem, 

S in 8 b C e 0 rht P ed ential ' * ^ °' ^ *» V " 5 °° V "*» *° ^ S ° ^ a *^ ^ 

[0261] If the frequency is lower than 500 Hz, electric charges may be injected into the carrier, in relation also to the 
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process speed, so that carrier adhesion may occur or latent images may be disordered to cause a lowering of image 
quality. If it is higher than 10,000 Hz, the toner can not follow up the electric field to tend to cause a lowering of image 
quality. 

[0262] In order to carry out development promising a sufficient image density, achieving a superior dot reproducibility 
5 and being free of carrier adhesion, the magnetic brush on the developing sleeve 121 may preferably be made to come 
into touch with the photosensitive drum 119 at a width (developing nip C) of from 3 to 8 mm. If the developing nip C is 
narrower than 3 mm, it may be difficult to well satisfy sufficient image density and dot reproducibility. If it is broader 
than 8 mm, the developer may pack into the nip to cause the machine to stop from operating, or it may be difficult to 
well prevent the carrier adhesion. As methods for adjusting the developing nip, the nip width may appropriately be 
10 adjusted by adjusting the distance A between the developer-regulating blade 127 and the developing sleeve 121, or 
by adjusting the distance B between the developing sleeve 121 and the photosensitive drum 119. 
[0263] The above developing system making use of the two-component developer can perform cleaning-at-devel- 
opment, in which any cleaning member coming into contact with the surface of the photosensitive drum is not provided 
between a transfer zone in the transfer step and a charging zone in the charging step and between the charging zone 
is and a developing zone in the developing step, where the transfer residual toner remaining on the photosensitive drum 
after transfer is collected by the developing apparatus in the developing step. 

[0264] In such a cleaning-at-development system, the developing zone, transfer zone and charging zone are posi- 
tioned in this order with respect to the direction of movement of the latent image bearing member, and any cleaning 
member coming into contact with the surface of the photosensitive drum is not provided between the transfer zone 
20 and the charging zone and between the charging zone and the developing zone to remove the transfer residual toner 
present on the surface of the latent image bearing member. 

[0265] An image forming method employing the cleaning-at-development system will be described by taking an 
example of reverse development in which development is performed in the sate the charge polarity of the toner and 
the charge polarity of the latent image bearing member are in the same polarity in the developing step. When a neg- 

25 atively chargeable photosensitive member and a negatively chargeable toner are used, images rendered visible are 
transferred to a transfer medium by means of a transfer member with a positive polarity, where the charge polarity of 
the transfer residual toner varies from positive to negative depending on the relationship between the type (differences 
in thickness, resistance and dielectric constant) of the transfer medium and the image area. However, the charge 
polarities can be uniformed to the negative side even if the polarities of not only the photosensitive member surface 

30 but also the transfer residual toner have turned positive in the transfer step on account of a charging member with a 
negative polarity when the negatively chargeable photosensitive member is charged electrostatically. Hence, when the 
reverse development is employed as a developing method, the transfer residual toner standing charged negatively 
remains at the toner's light-portion potential areas to be developed. At the toner's dark-portion potential areas not to 
be developed, the transfer residual toner does not remain, and is attracted toward the developer magnetic brush or 

35 the developer carrying member because of its relation to a development electric field, so that no toner remains there. 
[0266] The apparatus unit of the present invention will be described with reference to Fig. 6. 

[0267] The apparatus unit of the present invention is mounted detachably to the body of the image forming apparatus 
(e.g., a copying machine, a laser beam printer or a facsimile machine). 

[0268] In the embodiment shown in Fig. 6, the apparatus unit is the developing apparatus (assembly) 170, and the 
40 developing apparatus is mounted detachably to the body of the image forming apparatus. 

[0269] Thus, the developing apparatus has the developer 176, the developing container 171 , the developer carrying 

member 172, the feed roller 173, the developer layer thickness regulating member 174 and the agitating member 175. 

As the apparatus unit of the present invention, it may have at least the developer 176, the developing container 171 

and the developer carrying member 172. 
45 [0270] The apparatus unit may further have the latent image bearing member, cleaning member or charging member 

together as one unit. 

[0271] When the image forming method of the present invention is applied to a printer of a facsimile machine, the 
photoimagewise exposing light L serves as exposing light used for the printing of received data. Fig. 11 illustrates an 
example thereof in the form of a block diagram. 
so [0272] A controller 91 controls an image reading part 90 and a printer 99. The whole of the controller 91 is controlled 
by CPU 97. Image data outputted from the image reading part are sent to the other facsimile station through a trans- 
mitting circuit 93. Data received from the other station is sent to a printer 99 through a receiving circuit 92 Stated image 
data are stored in an image memory 96. A printer controller 98 controls the printer 99. The numeral 94 denotes a 
telephone. 

55 [0273] Images received from a circuit 95 (image information from a remote terminal connected through the circuit) 
are demodulated in the receiving circuit 92, and then stored successively in an image memory 96 after the image 
information is decoded by the CPU 97. Then, once images for at least one page have been stored in the memory 96, 
the image recording for that page is performed. The CPU 97 reads out the image information for one page from the 
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r„Tnn V ^ an ^r dS C ° d8d lma9e informa,ion ,or one P a 9e to the printer controller 98. The printer controller 98 
m 2 lma9e ' nf0rma,i0n for one P«9e from the CPU 97, controls the printer 99 so .ha. .he image inforl 

mation Tor one page is recorded. 

^ e CPU 97 reCeiV6S ima9e in,ormatjon for next Paae in the course of the recording by the printer 99 
10275] Images are received and recorded in the manner as rie R nrih«H a h~,o 

[0276] According to the present invention, fog-free images with supenor image-density stability and minute-image 
reproduction can be obtained without causing deterioration of toner even in its long-term service. 

EXAMPLES 

!™I . Th ° pnSSenl i " Ventl0n wiM be Ascribed below in greater detail by giving Examples, which, however, by no 
means limit the present invention. y 

Example 1 



L^I? 5 f .? ^^^J Wei9W °' ion - exchan 9 ed wat «r, 450 parts by weight of an aqueous 0. 1 M Na 3 P0 4 solution was 

;*: 00 ? a H n ? ,0 5 °° C th6n S,imn9 31 10000 rpm USln 9 a TK -«yP e r.omomixer 3 (rnanufactured by 

laded , ttfe bv Z ^ 1 reSU ' tam miXtUr6 ' 70 PaftS by W6i9ht ° f an aqUeOUS 1 0M CaC, 2 solution 

added little by little to obtain an aqueous medium containing a calcium phosphate compound. 



(Monomers) 


(by weight) 


Styrene 

n-Butyl acrylate 


1 70 parts 
30 parts 


(Colorant) 




C.I. Pigment Blue 15:3 


15 parts 


(Charge control agent) 




Salicylic acid metal compound 


2 parts 


(Polar resin) 


Saturated polyester resin (acid value: 10; peak molecular weight: 150,000) 


20 parts 


(Release agent) 


Behenyl stearate | 


30 parts 


(Cross-linking agent) 


Divinylbenzene j 


0.5 parts 



[0279] The above materials were heated to 50°C and dissolved or dispersed uniformly by means of a TK-type ho- 
momixer (manufactured by Tokushu Kika Kogyo Co., Ltd.) at 9,000 rpm. To the mixture obtained, 10 parts b weigh, 
composTon" 2 '"^ 2 ' 2 '- az0bis < 2 ' 4 - dlmeth y |val -oni,rile) was dissolved to prepare a polymerizab.e monomer 

SSL P °' ymeri f ble monomer composition was introduced in the above aqueous medium, followed by st,rrinq 
lnome; n comp a Son nitr ° 9en ' ^ *" h ° m ° miXer " 8 '°°° fpm l ° 9fanUla,e the PoVmerizabte 

[0281] Thereafter, the granulated product obtained was stirred with a paddle mixing blade during which the temper- 

oZZZZZll 60 ' 0 T 2 h ° UrS F ° Ur . hOUrS af,6r ' ,6mpera,Ure WaS raiS6d ,0 7 °° C at a rate ° f temperaturT rise 
of 40 C/hr, where the reaction was earned out for 5 hours. After the polymerization was completed residual monomers 

TddL^Tt H° ff 7*: rSdUCed Pr6SSUre ' ,he reaC,i ° n SyS ' em Was CO0led ' and ,herea ^ hydrochScTiTwas 
added th er eto to d,ssolve the calcium phosphate, thus a suspension conta.ning cyan toner particles ( 1 -a, was obtained 

[0282] The average circularity and particle size distribution of the cyan toner particles (1 -a) thus obtained were meas- 
ured w„h a now type particle image analyzer manufactured by Toa .you Denshi K.K. As a esult, the partide had an 
vaTueTin'th an,y °i ™i " maXimUm ^ * * 3 circl — spending diameter o, 6. 1 pm and had no maximum 
^IlT r ?,'° n „ C ^ le - corres P° ndi "9 diameters of from 0.6 pm fo 2.00 pm. The particles with circle-correspond- 
ing diameters of from 0.60 urn to less than 2.00 pm were in an amount of 4% by number 

[0283] MeanwhUe, 7 parts by weight of styrene monomer and 3 parts by weight of potassium persulfate as a water- 



26 

EP 0933685A1_I_> 



EP 0 933 685 A1 



soluble initiator were added to 500 parts by weight of ion-exchanged water, and the mixture obtained was stirred with 
a paddle mixing blade during which the temperature was raised to 70°C to carry out soap-free polymerization for 24 
hours. Thus, a suspension containing fine polymer particles (1-b) was obtained. 

[0284] The average circularity and particle size distribution of the fine polymer particles (1-b) thus obtained were 
5 measured with the flow type particle image analyzer manufactured by Toa lyou Denshi K.K. As a result, the particles 
had an average circularity of 0.972 and had a maximum value only at a circle-corresponding diameter of 0.8 um. The 
particles with circle-corresponding diameters of from 0.60 um to less than 2.00 pm were in an amount of 72% by number. 
[0285] The suspension containing fine polymer particles (1 -b) in total amount was added to the suspension containing 
cyan toner particles (1-a), and the mixture obtained was stirred with a paddle mixing blade for 2 hours, followed by 
10 filtration, water washing and then drying to obtain cyan toner particles (1) with a weight-average particle diameter of 
6.5 um. 

[0286] To 1 00 parts by weight of the cyan toner particles (1 ) thus obtained, 1 .0 part of fine silica powder (A-1 ) having 
been surface-treated with silicone oil and having a BET specific surface area of 110 m 2 /g and 0.5 part of fine silica 
powder (B-1) having been surface-treated with silicone oil and a silane coupling agent and having a BET specific 
15 surface area of 50 m 2 /g were added, followed by uniform agitation by means of a Henschel mixer manufactured by 
Mitsui Mining & Smelting Co. , Ltd. to obtain cyan toner ( 1 ). This toner was designated as one-component non-magnetic 
developer (1). 

[0287] The above fine silica powder (B-1 ) was a product obtained by surface-treating 100 parts by weight of com- 
mercially available fine silica particles NAX50 (available from Nippon Aerosil Co., Ltd.) with 10 parts by weight of 

20 dimethylsilicone oil, followed by air classification to collect relatively coarse particles to control their particle size dis- 
tribution. On a photograph of 100,000 magnifications taken with a transmission election microscope (TEM) and a 
photograph of 30,000 magnifications taken with a scanning electron microscope (SEM), this fine silica powder (B-1) 
was confirmed to be particles formed by coalescence of a plurality of primary particles having an average particle 
diameter of 40 mum. The particle shape of the fine silica powder (B-1), confirmed on this magnified photograph, is 

25 shown in Fig. 10. 

[0288] On magnified photographs of the cyan toner (1), the primary particles of the fine silica powder (A-1) present 
on the toner particles had a shape factor SF-1 (a photograph of 100,000 magnifications) of 117, and the fine silica 
powder (B-1 ) also present on the toner particles had a shape factor SF-1 (a photograph of 50,000 magnifications) of 290. 
[0289] On a photograph of 500,000 magnifications of the cyan toner (1 ), taken with a scanning electron microscope, 

30 the fine silica powder (A-1) was confirmed to have a number-average particle length of 7.35 mum, a length/breadth 
ratio of 1 . 1 and, on a photograph of 100,000 magnifications, to be present in the number of 122 particles per unit area 
of 0.5 jam x 0.5 jam. On a photograph of 50,000 magnifications of the cyan toner (1), taken with a scanning electron 
microscope, the fine silica powder (B-1) was confirmed to have an average particle particle length of 152 mum a 
length/breadth ratio of 3.2 and to be present in the number of 6 particles per unit area of 1 .0 um x 1 .0 um 

35 [0290] On a photograph of 100,000 magnifications of the cyan toner (1 ), taken with a scanning electron microscope, 
the primary particles constituting the fine silica powder (B-1 ) were found to have an average value of Feret's diameter 
minimum width (average Feret's diameter minimum width) of 42 mum 

[0291] The average circularity and particle size distribution of the cyan toner (1) were measured with the flow type 
particle image analyzer manufactured by Toa lyou Denshi K.K. As a result, the toner had an average circularity of 
40 0.970, had a maximum value X at a circle-corresponding diameter of 6.1 um had a maximum value Y at a circle- 
corresponding diameter of 0.8 jam, and contained the particles with circle-corresponding diameters of from 0.60 \im to 
less than 2 00 u.m in an amount of 24% by number. 

[0292] The developer obtained was put in a modified machine of a commercially available laser beam printer CANON 
LBP-2030, modified as shown in Fig. 1. Using it, 5,000-sheet running tests were made on the respective evaluation 

45 items to make evaluation. 

[0293] The modified machine of LBP-2030 is constituted as shown in Fig. 1 . Using as the developing apparatus the 
rotary unit 4 in which the black developing assembly 4Bk, the yellow developing assembly 4Y, the magenta developing 
assembly 4M and, as the cyan developing assembly 4C, the developing assembly 170 of the one-component non- 
magnetic developing system shown in Fig. 6, making use of the one-component non-magnetic developer, are provided 

50 detachably, a multiple toner image formed of the respective color toners having primarily been transferred onto the 
intermediate transfer drum 5 is secondarily one-time transferred to a recording medium P and thereafter heat-fixed to 
the recording medium P. The fixing assembly 9 is also modified so as to be constituted in the following way. 
[0294] As the fixing roller 9a of the fixing assembly 9, a roller comprising an aluminum core shaft covered with two 
types of layers is used. In a lower layer thereof, high-temperature vulcanized silicone rubber (HTV silicone rubber) is 

55 used as an elastic layer. The elastic layer is 2.1 mm thick and has a rubber hardness of 3° (JIS-A). In an upper layer, 
a tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer (PFA) formed in a thin film by spray coating is used as a 
release layer. The thin film is 20 (.im thick. 

[0295] The pressure roller 9b of the fixing assembly 9 has, like the fixing roller 9a, a structure wherein a core shaft 
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,TJ°Z!lT i,h 3 !° Wer " layer silicone rubber e,a *tic layer and an upper-layer fluorine resin release layer formed of the 
™T n ? haV ' ng ' he Nke ,NckneSS and like values of Physical properties 

S , n ' P W ' d,h at thS fiXin9 Z ° ne iS S9t 10 be 9 5 mm; the ,ixin 9 Pressure, 2.00 X 10* Pa and the fixinc roller 
surface temperature on standby, 1 80°C. The fixing oil coating mechanism is detached 9 

[0297] As the intermediate transfer drum 5, used is a drum mmnrisinn an a i, min , ,„ «. , , ... 

covered with an elastic layer formed o, a mixture of NBR and e P ^r^]n7^^ 5™^ °' ^ * 
0298] The cyan developing assembly 4C of the above modified machine of LBP-2030 was supplied with 1 60 o of 

running tests were made under conditions shown below. ^"n me iray /, and continuous 

Primary charging conditions: 

[0299] From a power source (not shown), charging bias voltage formed by superimposing a DC voltaae of 600 V 
and an AC voltage of 1 , 1 50 Hz sinusoida, wave in an amplitude of 2 kVpp was applied t^Z cZgL Sl to charae 
the msulatmg materia, photosensitive drum 1 uniformly wh.le making e.ectric changes move by disch^g ' 

Latent image formation conditions: 

[0300] The surface of the photosensitive drum 1 charged uniformly was irradiated by laser light L to make exposure 
the ZoslTJlZ C ima96S in,enSUy ° f ,3Ser ' i9ht ^ S ° S6t 35 ,0 P1Wide 3 SUrface of So V Lt 

Development conditions: 

for^H J° deVe, ° ping ^ 99Ve of ,he c V an developing assembly 4C shown in Fig. 1, development bias voltaae 

\ b7CZ s ZZT^ " T 96 ° f " 35 ° V an AC V ° ,ta9e °» 2 ' 300 H2 sinusoidal **• "n an amplSelf 
and the nSS, r h *" a " ernat,n 9 electric field al the 9*P (distance: 300 urn) between the developing sleeve 

1 if 6 m 1 ' Wh6re ,0ner (,0n6r ,a * er thickness: 170 Mm) on the developing sleeve was made 

to fly to the photosensitive drum 1 to perform development. 

Primary transfer conditions. 

!wf ! k "In r °? r 10 , primanly trans,er t0 ,he intermediate transfer drum 5 the toner image formed on the photosensitive 

t d z^ 

Secondary transfer conditions: 

after runn.ng on the prescribed number of sheets, which was made in the following way °auci D iiny 
Image density: 

Sso?dtS l r,° lid j T 9e ^ ° n Sh6et ' and ima9e denSitieS at 10 s P° ts se ' e «ed at random from the 

S^^Sa^TST WitH 3 reflSCti0n denS " 0me,er REFLECT ° METER MODEL TC-6DS, ma, 

m^o, tI hiS meaSUr ? T WaS made thr6e timeS t0 meaSUre ima 9 e densities at 30 spots in total, and an arithmetic 
™™ m numencal values obtained was regarded as the density of initial images arithmetic 

ESS fV S ' n9 eVa ' Uati0n me,hod described above, the evaluation of image density was made similarly also on 

z:2sr e prescribed number of shee,s ' ' e ■ ° n imases ° btained when prin,ed - 1 ■«» ^ 
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Image density stability of solid images: 

[0308] A whole-solid image was printed on one sheet in an environment of temperature 20°C and humidity 30%, 
and image densities at 10 spots selected at random from the whole-solid image formed were measured with a reflection 
5 densitometer REFLECTOMETER MODEL TC-6DS, manufactured by Tokyo Denshoku Co., Ltd.). 

[0309] This measurement was made three times to measure image densities at 30 spots in total, and the difference 
between maximum and minimum values of the numerical values obtained was calculated. The results were ranked in 
the following way. 

10 a: The difference between maximum and minimum values is not more than 0.2. 

b: The difference between maximum and minimum values is more than 0.2 to not more than 0.4. 
c: The difference between maximum and minimum values is more than 0.4 to not more than 0.6. 
d: The difference between maximum and minimum values is more than 0.6 to not more than 0.8. 
e: The difference between maximum and minimum values is more than 0.8. 

75 

[0310] In the above evaluation, the smaller the difference between maximum and minimum values is, the freer from 
dimmed images or uneven images in the initial images and the better the images are, having a superior image density 
stability. 

[0311] The above evaluation of image density stability of solid images was made similarly also on images after 
20 running on the prescribed number of sheets, i.e., on images obtained when printed on 1 ,000 sheets, 3,000 sheets and 
5,000 sheets. 

Amount of fog on paper: 

25 [0312] Using commercially available copy sheets CLC Paper A4 (available from CANON SALES INC.; basis weight: 
81.4 g/m 2 ) as the recording medium, images having solid white image areas were printed thereon. Reflection density 
at the solid white areas and reflection density before printing were measured with a reflection densitometer REFLEC- 
TOMETER MODEL TC-6DS, manufactured by Tokyo Denshoku Co., Ltd.). 

[0313] Difference between the worst white-background reflection density after print (Ds) and an average value of 
30 reflection densities of paper before printing (Dr), Ds - Dr, was regarded as the amount of fog on paper. 

[0314] Images having the amount of fog on paper that is not more than 2% are good images free of fog on paper, 
and those of more than 5% are unsharp images having fog on paper conspicuously. 

a: The amount of fog on paper is not more than 2% when 5,000-sheet printing is completed. 
35 b: The amount of fog on paper is less than 5% when 3,000-sheet printing is completed, and the amount of fog on 

paper is 5% or more when 5,000-sheet printing is completed. 

c: The amount of fog on paper is less than 5% when 1 ,000-sheet printing is completed, and the amount of fog on 
paper is 5% or more when 3,000-sheet printing is completed. 

d: The amount of fog on paper is less than 5% when 500-sheet printing is completed, and the amount of fog on 
40 paper is 5% or more when 1 ,000-sheet printing is completed. 

e: The amount of fog on paper is 5% or more when 500-sheet printing is completed. 

Fine-line reproducibility: 

45 [0315] To evaluate fine-line reproducibility, latent images were formed in stripes as shown in Fig. 9, and evaluation 
was made on images having been fixed. 

[0316] Shown in Fig. 9 are latent images having a latent-image area width of 4 dot (170 jam) at a resolution of 600 
dpi, and a non-lalent-image area width of 10 dot (420 u.m). 

[0317] The latent images in stripes were formed continuously on 1,000 sheets, and fixed images on the 1,000th 
so sheet were used. Five spots were selected from the image areas at random to evaluate the fine-line reproducibility as 
an absolute value of the difference between an average value of image area widths at 5 spots and the theoretical 
latent-image area width (170 jam). 

a: 0 u.m or more to not more than 30 |im. 
55 b: More than 30 u.m to not more 30 u.m. 

c: More than 60 u.m to not more 90 urn 
d: More than 90 um 
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RBl'S 2l ab ° V H eVal " a,,0n WaS made also on ima 9 es stained when printed on 3,000 sheets and 5,000 sheets 
[0319] Vanous physical propert.es of the toner are shown in Table 2 [2(A)-2(B>], and the results of evaluation in Table 



4 

Example 2 



[0320] Cyan toner (2) having various physical properties as shown in Table 2 was obtained in the same manner as 

weS, IS 11 T Pt ° ToT Wei9ht ° f the fine SHiCa P ° Wder < B " 1 > used the - in — replaced wl 0 4 par by 
io rSZr Z S T PO Tr! (B " 2) haV,n9 b6en surface - ,rea ^ and having a BET specific surface area of afSsta 
'0 Th.s toner was des.gnated as one-component non-magnetic developer (2) 

ample 1. US ' n9 ^ ° ne " COmp ° nent "on-magnetic developer (2), evaluation was made in the same manner as in Ex- 
[0322] The results of evaluation are shown in Table 4. 
75 Example 3 

[0323] Cyan toner (3) having various physical properties as shown in Table 2 was obtained in the same manner as 
in Example 1 except that 1.0 part by weight of the fine silica powder (A-1) and 0.5 pah by we gh, ofTheTne s ica 
powder B-1 which were used therein were replaced with 1 .0 part by weigh, o, fine alumina powder (A % having been 
surface- reated w„h sihcone oil and having a BET specific surface area of 1 45 m*/g and 0.6 par. by weight o sitica 
powder (B-3) having been surface-treated with si.icone oil and having a BET specific surface area of 70 r^/g 4pec 
lively. This toner was designated as one-component non-magnetic developer (3) 

ample 1. US ' n9 ^ ° ne - C ° mp ° nent "magnetic developer (3), evaluation was made in the same manner as in Ex- 
25 [0325] The results of evaluation are shown in Table 4. 
Example 4 

[0326] Cyan toner (4) having various physical properties as shown in Table 2 was obtained in the same manner as 

wI X h, m o» r eX , CePt 5 Part ^ W9i9ht ° f the finS SHICa P ° Wder < B - 1 > used therei " — "Placed with 0 6 par by 

S!SSr h r in9 bSen SUdace - treated ^ hexamethyldisilazane and^methylsilicone oil in 
ZneZZ^U SPeC ' f,C SUrfaCe °' 73 m2/9 ThiS ^ Was desi °-< ad one-componen, non- 
3S ample 1 ^ ° ne - COmponent non-magnetic developer (4), evaluation was made in the same manner as in Ex- 
[0328] The results of evaluation are shown in Table 4. 
Example 5 

40 [0329] Cyan toner (5) having various physical properties as shown in Table 2 was obtained in the same manner as 
in Example except that 1.0 part by weight of the fine silica powder (A-1) and 0.5 part by we ght ofTheTne s ica 
surtacJ T h rZ efe US8d ,h6rein WGre reP,aCSd With 0 8 Part ^ Wei 9 ht of fine *»™ Powde" (A-3) having not been 
hav.no hefn T™** ^ aea ° f 141 ^ and 0 6 * art b * ^ °< <™ silica powde (B-5) 

45 SZ? SU f rtace ^ eated with hexamethyldisilazane and dimethylsilicone oil in this orderand having a BET spec iti c 

0330, Us!na ,h™ 9 '; eSPeCUV ? ™ S ™ ~P-ent non-magnetic deleloper 5 

ample 1. one-componen, non-magnetic developer (5), evaluation was made in the same manner as in Ex- 

[0331] The results of evaluation are shown in Table 4. 
50 Example 6 

[0332] Cyan toner (6) having various physical properties as shown in Table 2 was obtained in the same manner as 

LtTofftne ^ th3t H 5 W6i9ht ° f ,inG SHiCa P ° Wder (B " 1 > USGd ,here ' n was -Placer w : h e 0 Tp ar t b 

86 m4 ThTs o T ' !! (B " 6> h3Ving ^ b9en sudace -'-ated and having a BET specific surface area of 

86 m2/g This toner was designated as one-component non-magnetic developer (6) 

ample 1. US ' n9 ° ne - COrnp ° nent "on-magnetic developer (6), evaluation was made in the same manner as in Ex- 
[0334] The results of evaluation are shown in Table 4. 



ss 
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Example 7 

[0335] Cyan toner (7) having various physical properties as shown in Table 2 was obtained in the same manner as 
in Example 1 except that 1.0 part by weight of the fine silica powder (A-1 ) and 0.5 part by weight of the fine silica 
5 powder (B-1 ) which were used therein were replaced with 1.3 parts by weight of the fine silica powder (A-1 ) and 0.6 
part by weight of fine silica powder (B-7) having been surface-treated with silicone oil and having a BET specific surface 
area of 60 m 2 /g, respectively. This toner was designated as one-component non-magnetic developer (7). 
[0336] Using this one-component non-magnetic developer (7), evaluation was made in the same manner as in Ex- 
ample 1. 

10 [0337] The results of evaluation are shown in Table 4. 
Example 8 

[0338] Cyan toner (8) having various physical properties as shown in Table 2 was obtained in the same manner as 
is in Example 1 except that 1.0 part by weight of the fine silica powder (A-1) and 0.5 part by weight of the fine silica 
powder (B-1) which were used therein were replaced with 4.0 parts by weight of the tine silica powder (A-1) and 0.5 
part by weight of the fine silica powder (B-1 ), respectively. This toner was designated as one-component non-magnetic 
developer (8). 

[0339] Using this one-component non-magnetic developer (8), evaluation was made in the same manner as in Ex- 
20 ample 1. 

[0340] The results of evaluation are shown in Table 4. 

Example 9 

25 [0341] Cyan toner (9) having various physical properties as shown in Table 2 was obtained in the same manner as 
in Example 1 except that 1.0 part by weight of the fine silica powder (A-1) and 0.5 part by weight of the fine silica 
powder (B-1 ) which were used therein were replaced with 0.7 part by weight of the fine silica powder (A-1 ) and 3.6 
parts by weight of the fine silica powder (B-1 ), respectively. This toner was designated as one-component non-magnetic 
developer (9). 

30 [0342] Using this one-component non-magnetic developer (9), evaluation was made in the same manner as in Ex- 
ample 1. 

[0343] The results of evaluation are shown in Table 4. 
Example 10 

35 

[0344] Cyan toner (10) having various physical properties as shown in Table 2 was obtained in the same manner as 
in Example 1 except that 1.0 part by weight of the fine silica powder (A-1 ) and 0.5 part by weight of the fine silica 
powder (B-1) which were used therein were replaced with 2.4 parts by weight of the fine silica powder (A-1) and 1.7 
parts by weight of the fine silica powder (B-1 ), respectively This toner was designated as one-component non-magnetic 
40 developer (10). 

[0345] Using this one-component non-magnetic developer (10), evaluation was made in the same manner as in 
Example 1 . 

[0346] The results of evaluation are shown in Table 4. 
45 Example 11 

[0347] In 700 parts by weight of ion-exchanged water, 450 parts by weight of an aqueous 0.1 M Na 3 P0 4 solution was 
introduced, followed by heating to 50°C and then stirring at 10,000 rpm using a TK-type homomixer (manufactured by 
Tokushu Kika Kogyo Co., Ltd.). To the resultant mixture, 70 parts by weight of an aqueous 1.0M CaCI 2 solution was 
so added little by little to obtain an aqueous medium containing a calcium phosphate compound. 



(Monomers) 


(by weight) 


Styrene 

n-Butyl acrylate 


175 parts 
25 parts 


(Colorant) 


C.I. Pigment Blue 15:3 


1 5 parts 
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(continued) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



(Monomers) | 


(by weight) 


(Charge control agent) 


d^.nj . ^noiv t -B4 (available from Orient Chemical Industries Ltd ) | 


3 parts 


(Polar resin) 


Saturated polyester resin (acid value: 10; peak molecular weight: 150 000) | 


20 parts 


(Release agent) 


Behenyl stearate | 


30 parts 


(Cross-linking agent) 


Divinylbenzene | 


1.5 parts 



[0348] The above materials were heated to 50°C and dissolved or dispersed uniformly by means of a TK-type ho- 
HoZ (ma , nUfaC,, ; red by o I° kUShU Klka Ko ^° C ° - Ltd ■> a < 9 000 ^ To the mixture obtained, 5 pads by we^of 
compoTiuon 2 ' 2 ' a ^is(2,4-dime,hy,va,eronitrile) was dissolved to prepare a poiyme^bJmonomer 

LtSO^r iI h l PO ! ymen f T° n0mer COmp ° si,ion was introduced in the above aqueous medium, followed by stirring 
ln 0 ome;i a : p a S here * n ' tr ° 9ea ^ ^ * *-*» ^ to *° po^ri*^ 

[0350] Thereafter, the granulated product obtained was stirred with a paddle mixing blade during which the temper 

o ^C/hrwhSth 6000 ?■ 2 h ° UrS F ° Ur h ° UrS a,ten tempefatUre W3S raiSed '° 70 ° C at a — <- S r e 
wete evanoTaid ^f reaC,IOn r as H Car " ed out * "our.. After the polymerization was completed, residual monomers 
added Zt^TT U " de , r / edu ? ed P ressure ' ,he taction system was cooled, and thereafter hydrochloric acid was 

toner nln f % * Ca ' CiUm phoS P ha,e ' followed ^ water washing and then drying to obtain cyan 

toner particles (2-a) with a weight-average particle diameter of 6 5 M m 

[0351] The average circularity and particle size distribution of the cyan toner particles (2-a) thus obtained were meas- 
ured with a flow type particle image analyzer manufactured by Toa lyou Denshi K.K. As a esult the parties had an 

vTue 9 Y e at , a"c U |m r , l e y c 0, ^ T* 1™*™ ^ * * 3 C ^™™P™^ d «™ter of 1.0 pm h'ad a maxfmum 
of W , f «n ClrC ' e ^ orres P° ndln 9 diameter of 6.9 pm, and contained the particles with circle-corresponding diameters 
of from 0.60 pm to less than 2.00 pm in an amount of 41% by number uiameiers 

Kere opined" ^ PartiC,GS (2 " a) air - classified to remove relativ *'y Particles, thus cyan .oner particles 

S 7° 1 °° th Par ! S bV r ,9ht ° f J he Cyan t0ner PartiC ' eS (2) thUS ° btained - 10 P art of the fine Silica powder (A-1) 
«nll P h , u 03 P ° Wder (B " 1 ) W6re 3dded in the Same manner as in Exam P' e 1 ■ fo"owed by un form 

ag.tat.on by means of a Henschel mixer manufactured by Mitsui Mining & Smelting Co., Ltd to obtain cyan tone (in 

Spern " ' yS ' Cal Pr ° PertieS 33 Sh ° Wn " Tab ' e 2 ThiS * 0ner W9S d6Si ^ ated as one-componentTon-magnetlc 

partll im^r er ? e CirCU ' ari ! y ParliC ' e 8126 dis,ribu,ion of lhe ^n 'oner (11) were measured with the flow type 
0 970 tZ T yZ6r manU,actUred b * Toa ^ou Denshi K.K. As a result, the toner had an average circuity of 
™ h T' mUm ^ X 3t 3 circte - co ^Ponding diameter of 1.0 pm, had a maximum value Y at a circle 

"ss?han n 2 O^ 9 Z " T. "2 C ° ntained cire ' e "— Ponding diameters o, from 0.60 pm To 

less than 2 00 u.m in an amount of 18% by number. 

Sample i™ 9 ^ ° ne " C ° mp0nGnl non "^gnetic developer (11), evaluation was made in the same manner as in 
[0356] The results of evaluation are shown in Table 4. 
Comparative Example 1 



55 



0 2°/ bv wlh I i . t ; ^ W6i9ht ° f nitro Sen-displaced water and 20 parts by weight of an aqueous 
0.2 /0 by weight polyv.nyl alcohol solution were introduced, and thereafter 75 parts by weight of styrene 25 parts bv 
Tddi £,t bUt H y ' aC 7 late ' 30 P arts ^ weight o, benzoy. peroxide and 0.01 par. by weight of d v^enzene were 
added, followed by st.mng to make a suspension. Then, after the inside of the flask was displaced wHh nitrogen fhe 
oTo e hour r s e ra ' Sed 10 8 °° C '° Qarfy ° Ut P0, ^ eriza,i ° n feac "on while maintain.ng the system aTsUe^ZTe 
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[0358] After the polymer obtained was washed with water, it was dried in an environment of reduced pressure while 
keeping the temperature at 65°C, thus a resin was obtained. Then, 88 parts by weight of the resin thus obtained, 4 
parts by weight of a metal-containing azo dye, 12 parts by weight of C.I. Pigment Blue 15:3 and 10 parts by weight of 
paraffin wax were mixed by means of a fixed-tank dry-process mixing machine whose vent port was connected to a 
5 suction pump, where the mixture obtained was melt-kneaded in a twin-screw extruder while being sucked through the 
vent port. 

[0359] The melt-kneaded product obtained was crushed by means of a hammer mill to obtain a 1 mm mesh-pass 
crushed product of a toner composition. This crushed product was further pulverized by means of a mechanical pul- 
verizer into a product with volume-average particle diameter of 20 to 30 pm, and thereafter pulverized by means of a 

to jet mill which utilized interparticle collision in a cyclonic stream, followed by modification of the toner composition in a 
surface-modifying machine by the action of thermal and mechanical shear force, and then classification by means of 
a multi-division classifier to obtain cyan toner particles (3) with a weight-average particle diameter of 7.0 jam. 
[0360] To 100 parts by weight of the cyan toner particles (3) thus obtained, 1.0 part of the fine silica powder (A-1) 
and 0.5 part of the fine silica powder (B-1) were added in the same manner as in Example 1, followed by uniform 

15 agitation by means of a Henschel mixer manufactured by Mitsui Mining & Smelting Co., Ltd. to obtain cyan toner (12) 
having various physical properties as shown in Table 3 [3(A)-3(B)J. This toner was designated as one-component non- 
magnetic developer (12). 

[0361] Using this one-component non-magnetic developer (12), evaluation was made in the same manner as in 
Example 1 . 

20 [0362] The results of evaluation are shown in Table 4. 
Comparative Example 2 

[0363] Cyan toner (13) having various physical properties as shown in Table 3 was obtained in the same manner as 
25 jn Example 1 except that 1.0 part by weight of the fine silica powder (A-1) and 0.5 part by weight of the fine silica 
powder (B-1) which were used therein were replaced with 0.8 part by weight of the fine silica powder (B-1) only. This 
toner was designated as one-component non-magnetic developer (13). 

[0364] Using this one-component non-magnetic developer (13), evaluation was made in the same manner as in 
Example 1 . 

30 [0365] The results of evaluation are shown in Table 4 
Comparative Example 3 

[0366] Cyan toner (14) having various physical properties as shown in Table 3 was obtained in the same manner as 
35 in Example 1 except that 1 .0 part by weight of the fine silica powder (A-1 ) and 0.5 part by weight of the fine silica 
powder (B-1) which were used therein were replaced with 1.4 part by weight of the fine silica powder (A-1) only. This 
toner was designated as one-component non-magnetic developer (14). 

[0367] Using this one-component non-magnetic developer (14), evaluation was made in the same manner as in 
Example 1 . 

40 [0368] The results of evaluation are shown in Table 4. 
Comparative Example 4 

[0369] Cyan toner ( 1 5) having various physical properties as shown in Table 3 was obtained in the same manner as 
45 in Example 1 except that 0.5 part by weight of the fine silica powder (B-1) used therein was replaced with 0.5 part by 
weight of fine silica powder (B-10) having been surface-treated with hexamethyldisilazane and dimethylsilicone oil in 
this order and having a BET specific surface area of 38 m 2 /g. This toner was designated as one-component non- 
magnetic developer (15). 

[0370] Using this one-component non-magnetic developer (15), evaluation was made in the same manner as in 
50 Example 1. 

[0371] The results of evaluation are shown in Table 4. 

Comparative Example 5 

55 [0372] Cyan toner (16) having various physical properties as shown in Table 3 was obtained in the same manner as 
in Example 1 except that neither the fine silica powder (A-1) nor the fine silica powder (B-1) which were used therein 
was used and the cyan toner particles (1 ) were used as they were. This toner was designated as one-component non- 
magnetic developer (16). 
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E^/mL? 7 on H e -° om P onen « "on-magnetic developer (16), evaluation was made in the same manner as in 
txample 1. As a result, the .n-machine scatter of the toner occurred conspicuously, and also very poor results were 

a°nd a ;; e e .l tst :t s of ,ma9e density image densi,y stabi,i,y ° f so,id ^ a — ° ^ zz 

ZS^Z^S^A^ ^ 8fte ^ ° n 1 ' 00 ° SheetS ACCOfdin9,y ' ^ —- was 
[0374] The results of evaluation are shown in Table 4. 

Comparative Example 6 

[0375] Cyan toner particles (4) were obtained in the same manner as in Example 1 except that in the conditions for 
p ~H C r f IT ,0ner PartiC,9S in ° nly the containing the cyan toner particles (1 -a) was proc 

Si "to Ton"' W8Sh : ng dryln9 ' W,,h0U, USe ° f ,he SUSpenSi ° n COntainin 9 the C V- toner parSs (lb 
ind 0 5 n?n n, S 7 r 6,9 T° ^ PartiC ' eS (4) ,hUS 0b,ained < 1 0 ? ar1 of the fi ™ silica powder A-1 ) 
P h art °' ,he *' ne u slllca P° wder (B- 1 ) ^re added in the same manner as in Example 1, followed by uniorm 
ag at.on by means of a Henschel mixer manufactured by Mitsui Mining & Smelting Co., Ltd to obtain cyan tone 7^ 

dZ c p V e r rl ( 17) P VSICal Pr ° PertieS " Sh ° Wn m Tab ' e 3 Th ' S t0nSr W3S deS ' 9nated 35 -e-componen, non-magnetS 
Sple I 8 '" 9 thiS One ' C0^r1pOnen, no "- ma 9^tic developer ( 17 ), evaluation was made in the same manner as in 
[0378] The results of evaluation are shown in Table 4. 
Comparative Example 7 
[0379] 



(Monomers) 


(by weight) 


Styrene monomer 
Divinylbenzene 


7 parts 
0.2 part 


(Initiator) 




Potassium persulfate 


4 parts 



[0380] The above materials were added in 500 parts by weight of ion-exchanged water, and the mixture obtained 
was st.rred with a paddle mixing blade during which the temperature was raised to 72°C to carry Z soap refpolyS 
er,za„on for 72 hours. Thus, a suspension containing fine polymer particles (5-b) was obtain J 

loJ 1 ™ rt a ? rage CirCUlanty 3nd Part ' Cle SlZe dlstribu '™ °» ^e fine polymer particles (5-b) were measured with a 
flow ype part,cle image analyzer manufactured by Toa lyou Denshi K.K. As a result, the particles had an averaqe 

ZTZTl ° 972 ' ^ 3 H aXimUm V8,Ue ° nly " 3 CirCle "° rr9S P ° ndin9 dlameter of 2 6 ^ ^ contained the parties 

; POndln9 dlameters of from 0 60 Mm to less than 2.00 urn in an amount of 37% by number 
[0382] Cyan toner particles (5) were obtained in the same manner as in Example 1 except that the line polvmer 

col ( V ? th6rein W6re reP,aCSd W,h thS fine P °' ymer Particles ^ ^ were added in the suspensTon 
containing the cyan toner particles (1 -a). =u 0( jen & iun 

InH 8 ^ T °J°f t r r ! S ^ r i9hl ° f Cyan t0ner PartiC ' eS (5) ,hUS ° btained ' 1 0 P arl of 1he <™ silica powder (A-1 ) 
Part °' the f ' ne ,! ll,Ca P° wder < B - 1 ) we ' e added in the same manner as in Examp.e 1, followed by uniorm 
agitation by means of a Henschel mixer manufactured by Mitsui Mining & Smelting Co., Ltd to obtain cyan tone Z 

ZX^ZV yS ' Ca ' PrOP9rtieS 38 Sh ° Wn " 3 Th ' S ,0nSr WaS d6Si9nated as —mponent Ln-magnetfi 
Example i*" 9 0ne " COmponen, developer (18), evaluation was made in the same manner as in 

[0385] The results of evaluation are shown in Table 4 
Comparative Example 8 

[0386] Cyan toner (1 9) having various physical properties as shown in Table 3 was obtained in the same manner as 
lt X h,T 6 6XCePt th8t 0 5 by W6i9ht ° f ,he ,ine Silica powder ^ used *°<™ was replaced S K part by 
to control its particle size distribute and having a BET specific surface area of 110 m^/g. This toner was designated 
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as one-component non-magnetic developer (19). 

[0387] Using this one-component non-magnetic developer (19), evaluation was made in the same manner as in 
Example 1. 

[0388] The results of evaluation are shown in Table 4. 

5 

Comparative Example 9 

[0389] Cyan toner (20) having various physical properties as shown in Table 3 was obtained in the same manner as 
in Example 1 except that 0.5 part by weight of the fine silica powder (B-1) used therein was replaced with 0.5 part by 
10 weight of fine silica powder (B-9) obtained under classification conditions so changed that the operation of classification 
was repeated so as to be able to collect only coarser particles to control its particle size distribution and having a BET 
specific surface area of 22 m 2 /g. This toner was designated as one-component non-magnetic developer (20). 
[0390] Using this one-component non-magnetic developer (20), evaluation was made in the same manner as in 
Example 1 . 

is [0391] The results of evaluation are shown in Table 4. 
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Example 12 

[0392] Magenta toner particles (6), yellow toner particles (7) and black toner particles (8) were produced In the same 
manner as in Example 1 except that C.I. Pigment Blue 15:3 used therein was replaced with 11 parts by weight of C.I. 

5 Pigment Red 122, 14 parts by weight of C.I. Pigment Yellow 17 and 10 parts by weight of carbon black, respectively. 
[0393] To 100 parts by weight of the magenta toner particles (6), yellow toner particles (7) and black toner particles 
(8) thus obtained, 1.0 part of the fine silica powder (A-1) and 0.5 part of the fine silica powder (B-1) were added 
respectively in the same manner as in Example 1 , followed by uniform agitation by means of a Henschel mixer man- 
ufactured by Mitsui Mining & Smelting Co., Ltd. to obtain magenta toner (21), yellow toner (22) and black toner (23) 

10 having various physical properties as shown in Table 2. These toners were designated as one-component non-magnetic 
developers (21), (22) and (23), respectively. 

[0394] Using the same modified machine of LBP-2030 as that used in Example 1, the cyan developing assembly 
4C, magenta developing assembly 4M, yellow developing assembly 4Y and black developing assembly 4Bk were 
supplied with 160 g of the one-component non-magnetic developer (1 ) used in Example 1 , 1 60 g of the one-component 
15 non-magnetic developers (21), 160 g of the one-component non-magnetic developers (22) and 160 g of the one- 
component non-magnetic developers (23), respectively. 
[0395] Images were formed under conditions shown below. 

Primary charging conditions: 

20 

[0396] From a power source (not shown in Fig. 1), charging bias voltage formed by superimposing a DC voltage of 
-600 V and an AC voltage of 1,150 Hz sinusoidal wave in an amplitude of 2 kVpp was applied to the charging roller 2 
to charge the insulating material photosensitive drum 1 uniformly while making electric charges move by discharging. 

25 Latent image formation conditions: 

[0397] The surface of the photosensitive drum 1 charged uniformly was irradiated by laser light L to make exposure 
to form electrostatic latent images. The intensity of laser light was so set as to provide a surface potential of -200 V at 
the exposed areas. 

30 [0398] The electrostatic latent images were developed in the color order of yellow, magenta, cyan and black, the 
respective color toner images were primarily transferred successively onto the intermediate transfer drum, the four- 
color multiple toner image primarily transferred onto the intermediate transfer drum was secondarily one-time trans- 
ferred to the recording medium, and the four-color multiple toner image was heat-fixed to the recording medium to form 
a full-color image. 

35 

Development conditions: 

[0399] To the developing sleeves of the respective cyan developing assembly 4C, magenta developing assembly 
4M, yellow developing assembly 4M and black developing assembly 4Bk shown in Fig. 1, development bias formed 
40 by superimposing a DC voltage of -350 V and an AC voltage of 2,300 Hz sinusoidal wave in an amplitude of 1 .8 kVpp 
was applied to form an alternating electric field at the gap (distance: 300 urn) between each developing sleeve and 
the photosensitive drum 1. where the toner (toner layer thickness: 170 urn) on each developing sleeve was made to 
fly to the photosensitive drum 1 to perform development. 

45 Primary transfer conditions: 

[0400] In order to primarily transfer to the intermediate transfer drum 5 the toner image formed by development with 
the developing assembly 4Y, a DC voltage of +100 V was applied to the aluminum drum 5a as the primary transfer 
bias voltage. In order to primarily transfer to the intermediate transfer drum 5 the toner image formed by development 

50 with the developing assembly 4M, a DC voltage of +200 V was applied to the aluminum drum 5a as the primary transfer 
bias voltage. In order to primarily transfer to the intermediate transfer drum 5 the toner image formed by development 
with the developing assembly 4C, a DC voltage of +300 V was applied to the aluminum drum 5a as the primary transfer 
bias voltage. In order to primarily transfer to the intermediate transfer drum 5 the toner image formed by development 
with the developing assembly 4Bk, a DC voltage of +400 V was applied to the aluminum drum 5a as the primary transfer 

55 bias voltage. 
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Secondary transfer conditions: 

[0401] In order to secondarily transfer to the recording medium P the four-color full color toner image primarily trans- 
ferred onto the intermediate transfer drum 5, a DC voltage of +2,000 V was applied to the transfer means 8 as the 
5 secondary transfer bias voltage. 

[0402] As the result, even in 5,000-sheet running, good results were obtained on image density of fixed images 
we^ fine ~ Hne repr ° ducibility ' and fu,| - color ima 9 es wjth a superior color-tone reproduction 

io Example 13 

[0403] FuM-color ,mages were formed by means of a full-color image forming apparatus in which the developing 
assembly 170 of a one-component non-magnetic development system as shown in Fig. 6, making use of the one- 
component non-magnetic developer, was used in each of the developing sections 1 7a, 1 7b, 1 7c and 1 7d of the imaae 
forming apparatus shown in Fig 2, and by the use of the one-component non-magnet,c developer (1) produced in 
S I, 30 the one-component non-magnetic developers (21 ), (22) and (23) produced in Example 1 2, respectively. 
E?? 1 o^ T r 9 assemb, y of the developing section 1 7a was supplied with the one-component non-magnetic 
developer (21 ), the developing assembly of the developing section 1 7b with the one-component non-magnetic devel- 
w deVeI 1 ° pin9 assemb| V of ^e developing section 17c with the one-component non-magnetic developer 

(22 , and the developing assembly of the developing section 17d with the one-component non-magnetic developer 
(23). The development of electrostatic latent images and transfer to the recording medium as a transfer medium were 
performed ,n the color order of black, cyan, magenta and yellow under conditions shown below to form a four-color 
muftiple toner .mage on the recording medium, followed by heat-fixmg to form a full-color image on the recording 
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25 Electrostatic latent images formed on photosensitive members: -150 V 
Development bias voltage: 
DC component: -300 V 

AC component: 2,000 Hz, amplitude of 2 kVpp 
Distance between photosensitive drum and developing sleeve: 300 urn 
30 Developer layer thickness on developing sleeve: 1 70 urn 
Transfer bias voltage 

Transfer section 24a: +100 V 
Transfer section 24b: +170 V 
3 $ Transfer section 24c: +240 V 

Transfer section 24d: +310 V 

[0405] As the result, even in 20,000-sheet running over a long term, good results were obtained on image density 
of fixed images, prevention of fog on paper and fine-line reproducibility, and full-color images with a superior color 
tone reproduction were stably obtainable. 

Example 14 

[0406] Full-color images were formed by means of a full-color image forming apparatus in which the developing 
assembly 170 of a one-component non-magnetic development system as shown ,n Fig. 6, making use of the one- 
component non-magnetic developer, was used in each of the developing assemblies 244-1 , 244-2 244-3 and 244-4 
of the .mage forming apparatus shown in Fig. 5, and by the use of the one^omponent non-magnetic developer (1) 
produced ,n Example 1 and the one-component non-magnetic developers (21), (22) and (23) produced in Example 
12, respectively. K 

[0407] The developing assembly 244-1 was supplied with the one-component non-magnetic developer (23) the 
deveop.ng assembly 244-2 with the one-component non-magnetic developer (21), the developing assembly 244-3 
with the one-component non-magnetic developer (1), and the developing assembly 244-4 with the one^omponent 
non-magnetic developer (22). The development was performed in the color order of black, magenta, cyan and yellow 
the respective color toner images were transferred successively onto the intermediate transfer drum, and the four-color 
multiple toner image transferred onto the intermediate transfer drum was one-time transferred to the recording med.um 
followed by heat-fjxing to form a full-color image on the recording medium. 
Intermediate transfer drum: 

Conductive material: aluminum 
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Elastic layer: styrene-butadiene rubber 5 mm thick 
Primary charging conditions: 
DC component: -600 V 

AC component: 2,000 Hz, amplitude of 1.8 kVpp 
s Electrostatic latent images formed on photosensitive members: -250 V 
Development bias voltage: 
DC component: -400 V 

AC component: 2,000 Hz, amplitude of 1.8 kVpp 
Distance between photosensitive drum and developing sleeve: 300 ujti 
10 Developer layer thickness on developing sleeve: 170 |im Primary transfer conditions: 



DC voltage: +100 V 
DC voltage: +150 V 
DC voltage: +200 V 
is DC voltage: +250 V 



Secondary transfer conditions: 
DC voltage: +2,000 V 

[0408] As the result, even in 15,000-sheet running over a long term, good results were obtained on image density 
20 of fixed images, prevention of fog on paper and fine-line reproducibility, and full-color images with a superior color- 
tone reproduction were stably obtainable. 

[0409] A toner is comprised of toner particles containing at least a binder resin and a colorant, and an external 
additive fine powder. The toner particles have a specific circularity distribution and a specific particle size distribution. 
The external additive fine powder has an inorganic fine powder having as primary particles a specific number-average 
2S particle length, and a non-spherical inorganic fine powder formed by coalescence of particles and having a specific 
shape factor and a specific number-average particle length. 



Claims 



30 



1. A toner comprising toner particles containing at least a binder resin and a colorant, and an external additive fine 
powder, wherein; 

in circularity distribution of particles and in particle size distribution on the basis of circle-corresponding diam- 
35 eter, measured with a flow type particle image analyzer, said toner has an average circularity of from 0.950 to 

0.995, and contains particles with circle-corresponding diameters of from 0.60 (am to less than 2.00 um, having 
a maximum value X in the region of circle-corresponding diameters of from 3.0 \im to 9.0 u.m and having a 
maximum value Y in the region of circle-corresponding diameters of from 0.6 u.m to 2.00 um in an amount of 
from 8.0% by number to 30.0% by number; and 
40 said external additive fine powder has, on the toner particles, at least an inorganic fine powder (A) having as 

primary particles a number-average particle length of from 1 mum to 30 mum and a non-spherical inorganic 
fine powder (B) formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 
150 and a number-average particle length of from 30 mu.m to 600 mjim. 

45 2. The toner according to claim 1 , wherein, in circularity distribution of particles measured with the flow type particle 
image analyzer, said toner has an average circularity of from 0.960 to 0.995. 

3. The toner according to claim 1, wherein said inorganic fine powder (A) has, on the toner particles, a number- 
average particle length of from 1 mjam to 25 mu^m as primary particles. 

so 

4. The toner according to claim 1 , wherein said inorganic fine powder (A) has, on the toner particles, a ratio of particle 
length to particle breadth, length/breadth ratio, of from 1.0 to 1.5. 

5. The toner according to claim 1, wherein said non-spherical inorganic fine powder (B) has, on the toner particles, 
55 a number-average particle length of from 30 mu.m to 300 mum 

6. The toner according to claim 1 , wherein said non-spherical inorganic fine powder (B) on the toner particles is one 
formed by coalescence of a plurality of primary particles having an average value of Feret's diameter minimum 
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width of from 30 mum to 200 mum. 

7. The toner according to claim 1 . wherein said inorganic fine powder (A) has a specific surface area of from 50 m*/ 
g to 1 50 m^/g as measured by nitrogen adsorption according to the BET method. 

8. The toner according to claim 1 , wherein said non-spherical inorganic fine powder (B) has a specific surface area 
of from 20 m<7g to 90 m 2 /g as measured by nitrogen adsorption according to the BET method. 

10 9 " l^V°T/ 3CC ^ ing to c,aim 1 ■ whereln said ino '9anic f.ne powder (A) has, on the toner particles, a shape factor 
lu oh-1 of from 100 to 1 25. 

10. The toner according to claim 1, wherein said non-spherical inorganic fine powder (B) has, on the toner particles 
a shape factor SF-1 greater than 190. 

is 11. The toner according to claim 1, wherein said non-spherical inorganic fine powder (B) has, on the toner particles 
a shape factor SF-1 greater than 200 H 

12. The toner according to claim 1 , wherein, on the toner particles, said inorganic fine powder (A) comprises primary 
particles present individually or in an aggregated state; 

the primary particles of said inorganic fine powder (A) being present on the toner particle surfaces in a number 
of at least 20 particles in total on the average per unit area of 0.5 urn X 0.5 urn, and said non-spherical inorganic 
fine powder (B) being present on the toner particle surfaces in a number of from 1 to 20 particles on the average 
per unit area of 1 .0 pm X 1 .0 pm, as viewed on an electron microscope magnified photograph of the toner. 

13. The toner according to claim 1 , wherein, on the toner particles, said inorganic fine powder (A) comprises primaiy 
particles present individually or in an aggregated state; 

the primary particles of said inorganic fine powder'(A) being present on the toner particle surfaces in a number 
of at least 25 particles in total on the average per unit area of 0.5 pm X 0.5 pm, and said non-spherical inorganic 
fine powder (B) being present on the toner particle surfaces in a number of from 2 to 18 particles on the average 
per un.t area of 1 .0 pm X 1 0 pm, as viewed on an electron microscope magnified photograph of the toner. 

14. The toner according to claim 1. which contains said inorganic fine powder (A) in an amount of form 0 1 part by 
weight to 3.0 parts by weight based on 1 00 parts by weight of the toner. 

15. The toner according to claim 1 , which contains said non-spherical inorganic fine powder (B) in an amount of form 
0.1 part by weight to 3.0 parts by weight based on 100 parts by weight of the toner. 

16. The toner according toclaim 1 , wherein said inorganic fine powder (A) and said non-spherical inorganic fine powder 
40 these P artlcles selected from the group consisting of silica, alumina, titania and a double oxide of any of 

1 7. The toner according to claim 1 , wherein said inorgan ic f ine powder (A) and said non-spherical inorganic fine powder 
(B) each have fine silica powder. 

18. The toner according to claim 1 , wherein said inorganic fine powder (A) and said non-spher,cal inorganic fine powder 
(B) each have silicone oil. 

19. The toner according to claim 1, wherein said toner particles are particles produced by polymerization in which a 
polyrnenzable monomer composition containing at least a polymerizable monomer and the colorant is polymerized 
in a liquid medium in the presence of a polymerization initiator. 

20. The toner according to claim 1 , wherein said toner particles are particles produced by suspension polymerization 
in wh.ch a polyrnenzable monomer composition containing at least a polymerizable monomer and the colorant is 
polymerized in an aqueous medium in the presence of a polymerization initiator. 

21. The toner according to claim 1, which is a non-magnetic toner. 

22. The toner according to claim 1, which is used as a one-component developer. 
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23. The toner according to claim 1, which is a non-magnetic toner, and the non-magnetic toner is used as a one- 
component developer. 

24. A two-component developer comprising (I) a toner having at least toner particles containing at least a binder resin 
5 and a colorant, and an external additive fine powder, and (II) a carrier, wherein; 

in circularity distribution of particles and in particle size distribution on the basis of circle-corresponding diam- 
eter, measured with a flow type particle image analyzer, said toner has an average circularity of from 0.950 to 
0.995, and contains particles with circle-corresponding diameters of from 0.60 u.m to less than 2.00 um, having 
10 a maximum value X in the region of circle-corresponding diameters of from 3.0 um to 9.0 ujti and having a 

maximum value Y in the region of circle-corresponding diameters of from 0.6 jam to 2.00 um in an amount of 
from 8.0% by number to 30.0% by number; and 

said external additive fine powder has, on the toner particles, at least an inorganic fine powder (A) having as 
primary particles a number-average particle length of from 1 m|jm to 30 m^im and a non-spherical inorganic 
15 fine powder (B) formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 

150 and a number-average particle length of from 30 mum to 600 mum. 

25. The developer according to claim 24, wherein, in circularity distribution of particles measured with the flow type 
particle image analyzer, said toner has an average circularity of from 0.960 to 0.995. 

20 

26. The developer according to claim 24, wherein said inorganic fine powder (A) has, on the toner particles, a number- 
average particle length of from 1 mum to 25 mum as primary particles. 

27. The developer according to claim 24, wherein said inorganic fine powder (A) has, on the toner particles, a ratio of 
25 particle length to particle breadth, length/breadth ratio, of from 1 .0 to 1.5. 

28. The developer according to claim 24, wherein said non-spherical inorganic fine powder (B) has, on the toner 
particles, a number-average particle length of from 30 mm to 300 mum 

30 29. The developer according to claim 24, wherein said non-spherical inorganic fine powder (B) on the toner particles 
is one formed by coalescence of a plurality of primary particles having an average value of Feret's diameter min- 
imum width of from 30 mum to 200 mum. 

30. The developer according to claim 24, wherein said inorganic fine powder (A) has a specific surface area of from 
35 50 m 2 /g to 1 50 m 2 /g as measured by nitrogen adsorption according to the BET method. 

31. The developer according to claim 24, wherein said non-spherical inorganic fine powder (B) has a specific surface 
area of from 20 m 2 /g to 90 m 2 /g as measured by nitrogen adsorption according to the BET method. 

40 32. The developer according to claim 24, wherein said inorganic fine powder (A) has, on the toner particles, a shape 
factor SF-1 of from 100 to 1 25. 

33. The developer according to claim 24, wherein said non-spherical inorganic fine powder (B) has, on the toner 
particles, a shape factor SF-1 greater than 190. 

45 

34. The developer according to claim 24, wherein said non-spherical inorganic fine powder (B) has, on the toner 
particles, a shape factor SF-1 greater than 200. 

35. The developer according to claim 24, wherein, on the toner particles, said inorganic fine powder (A) comprises 
50 primary particles present individually or in an aggregated state; 

the primary particles of said inorganic fine powder (A) being present on the toner particle surfaces in a number 
of at least 20 particles in total on the average per unit area of 0.5 ^im x 0.5 um and said non-spherical inorganic 
fine powder (B) being present on the toner particle surfaces in a number of from 1 to 20 particles on the average 
per unit area of 1 .0 jim x 1 .0 um, as viewed on an electron microscope magnified photograph of the toner. 
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36. The developer according to claim 24, wherein, on the toner particles, said inorganic fine powder (A) comprises 
primary particles present individually or in an aggregated state; 

the primary particles of said inorganic fine powder (A) being present on the toner particle surfaces in a number 
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filf 25 ^ tiC ' eS ^ t0ta ' ° n aVera9G PSr Unil arSa °' 0 5 »™ X 0 5 ' Jm ' a "d said non-spherical inorganic 

fine powder (B) be.ng present on the toner particle surfaces in a number of from 2 to 18 particles on the average 
per unit area of 1 .0 pm X 1 0 pm, as viewed on an electron microscope magnified photograph of the toner. 

37. The developer according to claim 24, wherein said toner contains said inoraanic fin« n™,rw ^ i„ ~< 
torm 0.1 part by weight to 3.0 parts by weight based on 100 parts by weight" of the toner. " 

38. The developer according to claim 24, wherein said toner contains said non-spherical inorganic fine powder (B) in 
an amount of form 0. 1 part by weight to 3.0 parts by weight based on 100 parts by weight of the toner. 

39 ' Iowh!^ 6 ' H C H 0rdin9 ,0 ?' aim 24 ' Wh6rein Said in ° rganiC fine P ° Wder < A > and said non-spherical inorganic fine 
powder (B) each have part,cles selected from the group consisting of silica, alumina, titania and a double oxide of 
any of these. 

40 ' Iowi e r V fm Per K C K° rd 7 ,0 C ' aim 24 ' Wh9rein SaW in ° rganiC fine P ° Wder < A > and said "on-spherical inorganic fine 
powder (B) each have tine silica powder. 

41 ' I™ TT*r aC ^° rdin9 , l ° Claim 24 < wherein said inorganic fine powder (A) and said non-spherical inorganic fine 
powder (B) each have silicone oil. 

42. The developer according to claim 24, wherein sa.d toner panicles are particles produced by polymerization in 
wh.ch a polymenzable monomer composition containing at least a polymerizable monomer and the colorant is 
polymerized in a liquid medium in the presence of a polymerization initiator. 

43. The developer according to claim 24, wherein said toner particles arc particles produced by suspension polymer- 
.zat.on ,n which a polymerizable monomer composition containing at least a polymerizable monomer and the col- 
orant is polymerized in an aqueous medium in the presence of a polymerization initiator. 

44. The developer according to claim 24, wherein said toner is a non-magnetic toner 

45. An image forming method comprising; 

(I) a charging step of charging electrostatically a latent image bearing member on which an electrostatic latent 
image is to be held; 

thus'cha'rgea" 399 f ° rmin9 ^ ^ f ° fmin9 eleCtrOStatic latent ima 9 e on the la,en t image bearing member 

(III) a developing step of developing the electrostatic latent image on the latent image bearing member by the 
use of a toner to form a toner image; and y 

mem a ber nS,er ^ °' 1ranSferfing l ° 9 transfer medium tne ,oner ima 9e formed on the latent image bearing 
wherein; 

said toner has at least toner particles containing at least a binder resin and a colorant, and an external additive 
nne powder; 

in circularity distribution of particles and in particle size distribution on the basis of circle-corresponding diam- 
eter measured with a flow type particle image analyzer, said toner has an average circularity of from 0 950 to 
0.995, and conlarns particles with circle-corresponding diamelers of from 0.60 pm to less than 2 00 urn having 
a maximum value X in the region of circle-corresponding diameters of from 3.0 pm to 9.0 pm and havmq a 
maximum value Y in the region of circle-corresponding diameters of from 0.6 pm to 2.00 pm, in an amount of 
from 8.0% by number to 30.0% by number; and 

said external additive fine powder has, on the toner particles, at least an inorganic fine powder (A) having as 
primary particles a number-average particle length of from 1 mpm to 30 mpm and a non-spherical inorganic 
fine powder (B) formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 
1 50 and a number-average particle length of from 30 mpm to 600 mpm. 

46. The method according to claim 45, wherein, in circularity distribution of particles measured with the flow type 
particle image analyzer, said toner has an average circularity of from 0 960 to 0.995. 
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47. The method according to claim 45. wherein said inorganic fine powder (A) has, on the toner particles, a number- 
average particle length ot from 1 mpm to 25 m^im as primary particles. 

48. The method according to claim 45, wherein said inorganic fine powder (A) has, on the toner particles, a ratio of 
5 particle length to particle breadth, length/breadth ratio, of from 1 .0 to 1 .5. 

49. The method according to claim 45, wherein said non-spherical inorganic fine powder (B) has, on the toner particles, 
a number-average particle length of from 30 mm to 300 mum. 

10 50. The method according to claim 45, wherein said non-spherical inorganic fine powder (B) on the toner particles is 
one formed by coalescence of a plurality of primary particles having an average value of Feret's diameter minimum 
width of from 30 mu.m to 200 mum 

51. The method according to claim 45, wherein said inorganic fine powder (A) has a specific surface area of from 50 
15 m 2 /g to 150 m 2 /g as measured by nitrogen adsorption according to the BET method. 

52. The method according to claim 45, wherein said non-spherical inorganic fine powder (B) has a specific surface 
area of from 20 m 2 /g to 90 m 2 /g as measured by nitrogen adsorption according to the BET method. 

20 53. The method according to claim 45, wherein said inorganic fine powder (A) has, on the toner particles, a shape 
factor SF-1 of from 100 to 1 25. 

54. The method according to claim 45, wherein said non-spherical inorganic fine powder (B) has, on the toner particles, 
a shape factor SF-1 greater than 190. 

25 

55. The method according to claim 45, wherein said non-spherical inorganic fine powder (B) has, on the toner particles, 
a shape factor SF-1 greater than 200 

56. The method according to claim 45, wherein, on the toner particles, said inorganic fine powder (A) comprises primary 
30 particles present individually or in an aggregated state; 

the primary particles of said inorganic fine powder (A) being present on the toner particle surfaces in a number 
of at least 20 particles in total on the average per unit area of 0.5 jam x 0.5 um and said non-spherical inorganic 
fine powder (B) being present on the toner particle surfaces in a number of from 1 to 20 particles on the average 
per unit area of 1.0 u.m X 1 .0 jam, as viewed on an electron microscope magnified photograph of the toner. 

35 

57. The method according to claim 45, wherein, on the toner particles, said inorganic fine powder (A) comprises primary 
particles present individually or in an aggregated state; 

the primary particles of said inorganic fine powder (A) being present on the toner particle surfaces in a number 
of at least 25 particles in total on the average per unit area of 0.5 um x 0.5 um, and said non-spherical inorganic 
40 fine powder (B) being present on the toner particle surfaces in a number of from 2 to 18 particles on the average 

per unit area of 1 .0 um X 1 .0 jam, as viewed on an electron microscope magnified photograph of the toner. 

58. The method according to claim 45, wherein said toner contains said inorganic fine powder (A) in an amount of 
form 0.1 part by weight to 3.0 parts by weight based on 100 parts by weight of the toner. 

45 

59. The method according to claim 45, wherein said toner contains said non-spherical inorganic fine powder (B) in an 
amount of form 0.1 part by weight to 3.0 parts by weight based on 100 parts by weight of the toner. 

60. The method according to claim 45, wherein said inorganic fine powder (A) and said non-spherical inorganic fine 
so powder (B) each have particles selected from the group consisting of silica, alumina, titania and a double oxide of 

any of these. 

61. The method according to claim 45, wherein said inorganic fine powder (A) and said non-spherical inorganic fine 
powder (B) each have fine silica powder. 
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62. The method according to claim 45, wherein said inorganic fine powder (A) and said non-spherical inorganic fine 
powder (B) each have silicone oil. 
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63 ' l h L7ZT hr 0rdin9 ! ° Cl3lm 45 ' Wh8re,n t0ner PartiC ' eS are Part,deS P roduced b V Po«ymer,zation in which 
a polymer, zable monomer composition containing at least a polymerizable monomer and the colorant is polymer- 
ized in a liquid medium in the presence of a polymerization initiator. 

64. The method according to claim 45, wherein said toner particles are nartinl^ nrnH.^H K „ , s 

zation in which a polymerizable monomer composition containing at ieast a polymerizabte monomeTand^he coi- 
orant is polymerized in an aqueous medium in the presence of a polymerization initiator. 

65. The method according to claim 45, wherein said toner is a non-magnetic toner. 

66. The method according to claim 45, wherein said toner is used as a one-component developer. 

67. The toner according to claim 1 , wherein said toner is a non-magnetic toner, and the non-magnetic toner is used 
as a one-component developer. 

68 ' 2 h TZ*Z r 00 ^ 9 10 C H m 1 ' Wh6rein S3id ,0ner iS 3 non " ma 9 ne,ic to ^r, and the non-magnetic toner is blended 
with a carrier, and is used as a two-component developer. 

69. The image forming method according to claim 45, wherein said transfer medium is a recording medium where 
he toner .rnage formed on the latent ,mage bearing member is transferred directly to the recording medium and 

the toner image transferred to the recording medium is fixed to the recording medium. 

70. Theimageformi^ 

member, where the toner image formed on the latent image bearing member is primarily transferred to the inter- 
mediate transfer member, the toner image primarily transferred to the intermediate transfer member is secondarily 

I TTolV^Z 9 med ' Um ' t0ner lma " S9COndari,y tranS,er - d to lhe — di "9 "-urn «• "xed" 

71. The image forming method according to claim 45, which is a color image forming method comprising; 

(i) a charging step of charging electrostatically a latent image bearing member on which an electrostatic latent 
image is to be held; 

thM charaJd 1896 f ° rmin9 StSP ° f '° rmin9 eleC,r0Static latent ima 9 e °" latent image bearing member 
(Ni) a developing step of developing the electrostatic latent image on the latent image bearing member by the 
use of a color toner to form a color toner image; said color toner being selected from the group consisting of 
a cyan toner, a magenta toner and a yellow toner; and 

membeT 5 ' 6 ' ^ * ^"^""V ,0 3 trans ' er medium the color toner ima 9e formed on the latent image bearing 

hiii J^" f 8P f ( P 10 0V) b ? inQ C8rried ° Ut successive| V at '^st twice by the use of color toners each having a 
different color, to form a multiple color toner image on the transfer medium 
wherein; 

the cyan toner has said toner and comprises i) cyan toner particles as said toner particles, containing at least 
a binder resin and a cyan colorant, and ii) said external additive fine powder 

the magenta toner has said toner and comprises i) magenta toner particles as said toner particles, containing 
at leasl a binder resin and a magenta colorant, and ii) said external additive fine powder and 
the yellow toner has said toner and comprises i) yellow toner particles as said toner particles, containing at 
least a binder resin and a yellow colorant, and ii) said external additive fine powder. 

72. The image forming method according to claim 71 , which is a full-color image forming method wherein, using four 

t^!r c H re , C ° m rx? , ?- 9 x ° yan ,0ner ' Said ma9Gnta ,0nGr ' Sa,d yel,ow toner and ' m addition hereto, a black 
toner, said steps (■) to (,v) are carried out successively four times by the use of the color toners having the respective 

colors, to form a four-color color toner image on the transfer medium 

a . lo Jf d ?T t0n6r ha ", in9 Said ,0nSr 3nd com P risin 9 i) black tone; particles as said toner particles, containing 
at least a binder resin and a black colorant, and ii) said external additive fine powder. 
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73. The image forming method according to claim 45, which further comprises a cleaning step of collecting the toner 
remaining of the surface of the latent image bearing member after said transfer step. 

74. The image forming method according to claim 73, wherein said cleaning step employs a cleaning-before-devel- 
opment system in which the latent image bearing member surface is cleaned by means of a cleaning member 
coming into touch with the latent image bearing member. 

75. The image forming method according to claim 74, wherein said cleaning step in the cleaning-before-development 
system is carried out after the transfer step and before the charging step. 

76. The image forming method according to claim 73, wherein; 



a transfer zone in said transfer step, a charging zone in said charging step and a developing zone in said 
developing step are positioned in the order of the transfer zone, the charging zone and the developing zone 
is with respect to the surface movement direction of the latent image bearing member, and any cleaning member 

for removing the toner remaining on the surface of the latent image bearing member is not present between 
the transfer zone and the charging zone and between the charging zone and the developing zone in contact 
with the surface of the latent image bearing member; and 

said cleaning step employs a cleaning-at-development system in which, at the time of the developing step, a 
20 developing assembly holding said loner therein develops the electrostatic latent image held on the latent image 

bearing member and the developing assembly simultaneously collects the toner remaining on the surface of 
the latent image bearing member to clean the surface of the latent image bearing member. 



77. An apparatus unit detachably mountable on a main assembly of an image forming apparatus, comprising; 



a toner as a one-component developer, having at least toner particles containing at least a binder resin and 
a colorant, and an external additive fine powder; 

a developing container for holding the one-component developer therein; and 

a developer carrying member for carrying the one-component developer held in the developing container and 
30 transporting the developer to the developing zone; 

wherein: 

in circularity distribution of particles and in particle size distribution on the basis of circle-corresponding diam- 
35 eter, measured with a flow type particle image analyzer, said toner has an average circularity of from 0.950 to 

0.995, and contains particles with circle-corresponding diameters of from 0.60 jam to less than 2.00 ujti, having 
a maximum value X in the region of circle-corresponding diameters of from 3.0 jam to 9.0 jim and having a 
maximum value Y in the region of circle-corresponding diameters of from 0.6 jam to 2.00 j-im, in an amount of 
from 8.0% by number to 30.0% by number; and 
40 said external additive fine powder has, on the toner particles ; at least an inorganic fine powder (A) having as 

primary particles a number-average particle length of from 1 mjim to 30 mjam and a non-spherical inorganic 
fine powder (B) formed by coalescence of a plurality of particles and having a shape factor SF-1 greater than 
150 and a number-average particle length of from 30 mu-m to 600 mjjm. 

45 78. The apparatus unit according to claim 77, wherein, in circularity distribution of particles measured with the flow 
type particle image analyzer, said toner has an average circularity of from 0.960 to 0.995. 

79. The apparatus unit according to claim 77, wherein said inorganic fine powder (A) has, on the toner particles, a 
number-average particle length of from 1 mu,m to 25 mu.m as primary particles. 

so 

80. The apparatus unit according to claim 77, wherein said inorganic fine powder (A) has, on the toner particles, a 
ratio of particle length to particle breadth, length/breadth ratio, of from 1.0 to 1 .5. 

81. The apparatus unit according to claim 77, wherein said non-spherical inorganic fine powder (B) has, on the toner 
55 particles, a number-average particle length of from 30 mm to 300 mu-m. 

82. The apparatus unit according to claim 77, wherein said non-spherical inorganic fine powder (B) on the toner par- 
ticles is one formed by coalescence of a plurality of primary particles having an average value of Feret's diameter 
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minimum width of from 30 mpm to 200 mum. 

W ' fSS ^n aC 2? rdin9 l ° C ' aim 11 ' Wh6rein Said in ° rganiC fine P ° wder (A > has a s > ecific ««teoe area of 
from 50 m2/g to 150 m 2/g as measured by nitrogen adsorption according to the BET method. 

84. The apparatus unit according to claim 77, wherein said non-spherical inorganic fine powder (B) has a specific 
surface area of from 20 m^/g to 90 m^/g as measured by nitrogen adsorption accord.ng to the BET method 

85 - 77 - wherein said ,nor9anic fine powder (a > h - ° n the — a 

86 - ss^: 1 .^ said non - sphericai inor9an,c fine — <b) has ' - - — 

87. The apparatus unit according to claim 77, wherein said non-spherical inorganic fine powder (B) has on the toner 
particles, a shape factor SF-1 greater than 200. 

M ' Li^ aPPara ! U ! Uni ' aCCOrdinQ l ° C ' aim 77 ' Wh6rein ' ° n ,he t0ner par1icles ' said lnor 9anic fine powder (A) comprises 
primary particles present individually or in an aggregated state; comprises 

of - ,i h I. P r ary , ParliCleS °' Said in ° rganiC finG P ° Wder (A) bei " 9 presenl on the ,oner P arli de surfaces in a number 
fine oowd, ?£T ,0,a ° n 3Vera9e Umt area ° f 0 5 pm X ° 5 ^ and said non-s P herica, inorgan" 
fine powder (B being present on the toner particle surfaces in a number of from 1 to 20 particles on the average 
per una area of 1 .0 urn X 1 .0 urn, as v,ewed on an electron microscope magnified photograph of Z loner 

89 ' Illm 3 ™ 3 ^! Unit aCC ° rdin ? ,0 C ' aim 77 • WhGrGin ' ° n ,hG t0nCf partic,GS ' said inor 9anic fine powder (A) comprises 
primary particles present individually or in an aggregated state ompnscs 

of at mS^SSS^! t 316 r r93njC fine P ° Wder (A) beinQ PrSSent ° n thS tGner partiCle Surfaces in 3 number 
fine oowlf^fh. J* aVSrage afea ° f 0 5 Pm * 0 5 pm ' and said non-spherical inorganic 

fine powder (B being present on the toner particle surfaces in a number of from 2 to 18 particles on the average 
per un,t area of 1 .0 pm X 1 .0 pm, as viewed on an electron microscope magnified photograph of the toner 

90. The apparatus unit according to claim 77, wherein said toner contains said inorganic fine powder (A) in an amount 
of form 0. 1 part by weight to 3.0 parts by weight based on 100 parts by weight of the toner. 

91 ' mUnlnTll U , nit , f ^n 1 ? 9 t0 ^ **" ,0ner COntains said "on-spherical inorganic fine powder 

(B) in an amount of form 0.1 pari by weight to 3.0 parts by weight based on 100 parts by weight of the toner. 

92 ' ^eoZ^ZltnT^ 9 !° I* 31 " 1 , 77 ' WherSin Sald in ° rganiC finS P ° Wder < A > and said non-spherical inorganic 
oTany of these ^ °' SHiCa ' a ' Umina ' ,itania and a doub,e 0Xlde 

94 - z: sssrr wherein sa,d ,nor9an,c f,ne powder <a > and - ^ 

95. The apparatus unit according to claim 77, wherein said toner particles are particles produced by polymerization 

oZT^'T'T T° mer COmpOSiti ° n contai ™9 a < I a po-ymerizab.e monomer andthic 2 an is 
polymerized in a liquid medium in the presence of a polymerization initiator. 

96 ' llmo^or 31 " 3 aCC ° rdin9 ,G c,a,m 77 > herein said toner particles are particles produced by suspension po- 
^^^™Sif ymerbab, ° m ° n0merC0mp0Slti0n containing at least a polymerizable monomer and Z 
colorant is polymerized in an aqueous medium in the presence of a polymerization initiator. 

97. The apparatus unit according to claim 77, wherein said toner is a non-magnetic toner. 

98. The apparatus unit according to claim 77, which further comprises, in addition to said one-component developer, 
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said developing container and said developer carrying member, a member selected from the group consisting of 
a latent image bearing member for holding thereon an electrostatic latent image, a charging member for charging 
the latent image bearing member electrostatically, and a cleaning member for cleaning the surface of the latent 
image bearing member. 

5 

99. The apparatus unit according to claim 77, which further comprises, in addition to said one-component developer, 
said developing container and said developer carrying member, an electrophotographic photosensitive member 
as a latent image bearing member for holding thereon an electrostatic latent image. 
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FIG. 1 
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FIG. 8 
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FIG. 9 



FIG. 10 

/v 



<3 




60 



EP 0 933 685 A1 



FIG. 11 

90 



IMAGE -READING 
PART 



IMAGE 
MEMORY 



96 



CPU 



97 



92 



93 



t^<r 



94 



i^. 

CONTROLLER 



91 



RECEIVING 
CIRCUIT 



TRANSMITTING 
CIRCUIT 



I 



PRINTER 
CONTROLLER 










PRINTER 



98 



99 



~Z ^ 

CIRCUIT 



95 



61 



EP 0 933 685 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 1802 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropnate 
of relevant passages 



EP 0 729 075 A (CANON) 28 August 1996 

* page 23; examples 11-14 * 

EP 0 564 002 A (CANON) 6 October 1993 

* page 5, line 25 - line 36 * 

* page 15; example 1 * 

EP 0 658 816 A (CANON) 21 June 1995 

* page 15; example 1 * 



The present search report has been drawn up for all claims 



Place of aaarr*. 

THE HAGUE 



Date of oompteikm of Ihe eearch 

14 May 1999 



Relevant 
to claim 



1,24,45 
77 



1,24,45, 
77 



1,24,45, 
77 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



G03G9/08 
G03G9/097 



TECHNICAL FIELDS 
SEARCHED (lni.CI.6) 



G03G 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



Examiner 

Vogt, C 



T : theory or principle underlying the invention 
E : earlier patenl document, but published on. or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent lamrly. correspondinn 
document J 



62 



EP 0 933 685 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 1802 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search repon. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable lor these paiticulars which aie merely given for the purpose of information. 

14-05-1999 



Patent document 
cited in search report 



Publication 
date 



Patent family 
membGr(s) 



Publication 
date 



EP 


729075 


A 


28- 


-08- 


1996 


JP 


8328312 


A 


13-12-1996 














US 


5774771 


A 


30-06-1998 


EP 


564002 


A 


06- 


-10- 


1993 


EP 


0606100 


A 


13-07-1994 














DE 


68925225 


D 


08-02-1996 














DE 


68925225 


T 


14-11-1996 














DE 


68927352 


D 


21-11-1996 














DE 


68927352 


T 


20-03-1997 














DE 


68927683 


D 


27-02-1997 














DE 


68927683 


T 


03-07-1997 














EP 


0334099 


A 


27-09-1989 














FR 


2628540 


A 


15-09-1989 














JP 


2222966 


A 


05-09-1990 














JP 


2759480 


B 


28-05-1998 














JP 


2824834 


B 


18-11-1998 














JP 


10078680 


A 


24-03-1998 














JP 


2854572 


B 


03-02-1999 














JP 


10048928 


A 


20-02-1998 














US 


4904558 


A 


27-02-1990 


EP 


658816 


A 


21- 


-06- 


1995 


JP 


7209952 


A 


11-08-1995 














US 


5659857 


A 


19-08-1997 



w For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



.0933685A1J_> 



63 



( 



